COATED BODY HAVING EXCELLENT THERMAL RADIATION 
PROPERTY USED FOR MEMBERS OF ELECTRONIC DEVICE 



BA CKGROUND QF THE INVENTIO N 
1. Field of the invention 

The present invention relates to a coated body for 
members of an electronic device, which coated body is 
useful as a cabinet of an electronic, electrical or optical 
device (which may hereinafter be represented by "electronic 
device") and excellent in thermal radiation property; a 
coated body for members of an electronic device, which 
coated body is excellent in thermal radiation property and 
self cooling property; the above-described coated body for 
members of an electronic device, which coated body is also 
excellent in electric conductivity; parts for an electronic 
device excellent in such properties; a coating composition 
useful for the formation of a coated body excellent in 
thermal radiation property and electric conductivity; and 
an apparatus for evaluating the thermal radiation property 
of a coated body. Since the coated body of the present 
invention contains a blackening additive such as carbon 
black in a proper amount and has a proper coat thickness, 
it is excellent in thermal radiation property. It can 
therefore be suited for use in the products of digital 
information recording and/or processing products such as CD, 
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LD, DVD, CD-ROM, CD-RAM, PDP and LCD and the products of 
electric, electronic and communication related fields such 
as personal computers, car navigation systems and car AV. 
Moreover, they are usable as cabinets for various 
electronic devices, for example, audio-video instruments 
such as projector, television, video and game machine, 
copying machine, printer, power supply box cover of air 
conditioner outdoor unit, control box cover, automatic 
vending machine and refrigerator. 

The coated body of the present invention can also be 

used as a chromate-f ree coated body which does not contain 

harmful hexavalent chromium at all. The chromate-f ree 

coated body provided by the present invention is very 

useful, because it has corrosion resistance and adhesion of 

coating comparable to those of a chromated steal sheet and 

in addition, has good formability. 
2. Description of the Related Art 

With a recent tendency to enhanced performance and 

miniaturization of electronic, electrical or optical 

devices, heat released amount inside of the chassis of an 

electronic device or the like increases, causing problems 

such as temperature increase of the device itself 

(temperature increase inside of the electronic device) . 

The temperature inside an electronic device is usually 

about 40 to 70°C under normal atmospheric temperature, 
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which happens to become about as high as 100°C at the 
maximum. It has been pointed out that stable operation is 
disturbed by such a temperature increase exceeding the heat 
resistant temperature of IC, CPU (semiconductor device) , 
disk or motor. When a temperature rises further, a 
semiconductor element is destroyed and gets out of order or 
the life of the parts of an electronic device becomes short. 

As a heat releasing means for reducing the inside 
temperature of an electronic device (for radiating heat 
from an electronic device) , proposed is a method of 
attaching a heat releasing part such as heat sink or heat 
pipe to the cabinet of the electronic device (to the 
cabinet itself, frame, shield case, back panel of liquid 
crystals or the like) . This method is effective only for 
diffusing the heat released from the heat source (heating 
element) of an electronic device within the whole cabinet. 
Particularly in the case where the cabinet has a small 
capacity, desired heat releasing effect is not available. 
Moreover, it is accompanied with such inconveniences that 
it takes time to attach such a heat releasing part to an 
electronic device, an extra space is necessary for 
attachment, and it heightens the production cost. This 
method is therefore unsuited for use in electronic devices 
which tend to be smaller in size and lower in production 
cost . 
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Also proposed is a method of releasing heat from the 
cabinet of an electronic device made of a metal plate by 
perforating the metal plate and making use of convection 
caused by a fan installed to the metal plate. Since 
electronic devices are apt to be damaged by water or dust, 
such a device cannot be applied to every purpose. Moreover, 
it has similar problems to those of the above-described 
heat sink such as cost rise, and extra time and space 
derived from attachment of the fan. 

There is accordingly an eager demand for the 
provision of a novel cabinet for an electronic device which 
can satisfy the original performances required for the 
electronic device (such as maintenance of air tightness in 
order to protect the device from water and dust, smaller 
size and lighter weight) , while attaining a reduction in 
the temperature inside of the electronic device (thermal 
radiation property) . 

The cabinet of an electronic device is, in addition 
to the thermal radiation property, required to control a 
temperature rise of the cabinet itself, because this makes 
it possible to prevent users who touch the cabinet from 
getting burned during operation of the electronic device. 
Thus, safe products can be provided if a temperature rise 
of the cabinet can be suppressed. This "property to 
suppress a temperature rise of the cabinet itself of an 
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electronic device" is especially called, in the present 
invention, "self cooling property" to distinguish it from 
the above-described "thermal radiation property". The 
above-described heat releasing countermeasures (for example, 
a method of attaching a heat releasing part such as heat 
sink or heat pipe or a method of perforating a metal plate 
and installing a fan) are insufficient for obtaining a 
cabinet excellent in both of these properties. There is 
accordingly an eager demand for provision of a cabinet 
having both properties. 

The cabinet of an electronic device is required, in 
addition to the above-described properties, to have 
excellent electric conductivity. A conventional steel 
plate coated into black color (a steel plate covered with a 
black coating) is accompanied with such a problem that an 
electric resistance becomes high owing to an excessively 
thick black coating and desired earth cannot be secured 
when it is applied to an electronic device. 

With respect to the substrate, on the other hand, 
substrates are conventionally chromated in order to impart 
them with corrosion resistance and improve adhesion of 
coating, but environmental pollution brought by the use of 
a large amount of harmful hexavalent chromium is becoming a 
serious problem. There is therefore a demand for the 
replacement of the harmful chromate treatment with non- 
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chromate treatment which does not contain chromium. It is 
however known that substrates without chromate treatment 
are inferior in corrosion resistance and adhesion of 
coating, and, formability. There is accordingly an eager 
demand for the provision of a chromate-f ree coated body 
usable as a cabinet for the members of an electronic device, 
which coated body is excellent in corrosion resistance, 
adhesion of coating and formability, and in addition, is 
excellent in thermal radiation property and self cooling 
property. 

SUMMARY QF THE INVENTIO N 

With the foregoing circumstances in view, the present 
invention has been made. An object of the present 
invention is to provide a novel coated body usable as the 
cabinet of an electronic device, which coated body can 
satisfy the essential characteristics required for the 
members of an electronic device (such as maintenance of air 
tightness in order to protect the device from water and 
dust, smaller size and lighter weight) , while attaining a 
reduction in the temperature inside of the electronic 
device (thermal radiation property) ; a coated body for the 
members of an electronic device excellent in, in addition 
to the above-described properties, a property (self cooling 
property) to suppress a temperature increase of the coated 
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body itself; a coated body for the members of an electronic 

device, having, in addition, excellent electric 

conductivity; a chromate-f ree coated body for the members 

of an electronic device, which coated body is excellent in 

corrosion resistance and adhesion of coating and has good 

formability; parts of an electronic device covered with a 

coated body having such excellent properties; a coating 

composition useful for forming a coated body excellent in 

thermal radiation property and electric conductivity; a 

coating composition which is to be applied to a substrate 

subjected to chromate-f ree surface treatment and has 

excellent thermal radiation property, electric conductivity, 

corrosion resistance, adhesion of coating, and formability; 

and a thermal radiation property evaluating apparatus for 

evaluating the thermal radiation property of a test piece. 

The coated body which has succeeded in overcoming the 

above-described problems and is excellent in thermal 
radiation property (such coated body may hereinafter be 
called "first coated body") is characterized by that it has 
a substrate covered, on the surface side and back side 
thereof, with respective thermal radiative coatings having 
thermal radiation property and satisfies the below- 
described property (I) or (II) as an index of "excellent 
thermal radiation property". 

(I) Integrated emissivities, at infrared wavelength 
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(4.5 to 15.4 |xm) when the above-described coated body is 
heated to 100°C satisfy the following equation (1): 

a x b > 0.42 ... (1) 
wherein, 

a: infrared integrated emissivity from the surface 
side of the substrate covered with one of said respective 
thermal radiative coatings, and 

b: infrared integrated emissivity from the back side 
of the substrate covered with the other one of said 
respective thermal radiative films; and more preferably, 

a>0.65 and/or b>0.65, and/or a difference (A-B) between the 
maximum value A and the minimum value B of spectral 

emissivity in a wavelength region of 4.5 to 15.4 pi is 0.35 
or less. 

Such a coated body excellent in thermal radiation 
property has, as a specific constitution, a substrate 
covered, on the surface side and back side thereof, with 
respective thermal radiative coatings, wherein 

at least one of the thermal radiative coatings 
contains a blackening additive and satisfies the following 
equation (2) : 

(X-3) x (Y-0.5) > 15 . . . (2) 
wherein, X represents the content (mass%) of the blackening 
additive contained in the thermal radiative coating, and 

Y represents thickness (|im) of the thermal radiative 
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coating. 

The above-described coated body has better thermal 
radiation property when X (the content of the blackening 
additive contained in the thermal radiative coating) 
satisfies the equation: 4 < X < 15 [Equation (3)]; Y 
(thickness of the thermal radiative coating) satisfies the 

equation: Y > 1 jam; the blackening additive has an average 
particle size of 5 to 100 nm; or the blackening additive is 
carbon black. 

The coated body which has succeeded in overcoming the 
above-described problems and is "excellent in thermal 
radiation property and self cooling property" (which may 
hereinafter be called "second coated body") is 
characterized by that it has a substrate covered, on the 
surface side and back side thereof, with respective 
coatings and at least the coating on the back side is a 
thermal radiative coating having thermal radiation 
property: 

it satisfies the below-described (II) as an index of 
"excellent self cooling property" and (III) as an index of 
"good thermal radiation property in the second coated body. 

(II) The integrated emissivities at infrared 
wavelength (4.5 to 15.4 jum) when the coated body is heated 
at 100°C satisfy the following equation (4): 

b < 0.9 (a-0.05) ... (4) 
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(Ill) The integrated emissivities at infrared 
wavelength (4.5 to 15.4 |im) when the coated body is heated 
at 100°C satisfy the following equation (5) : 

(a-0.05) x (b-0.05) > 0.08 ... (5) 
wherein, 

a: infrared integrated emissivity from the surface 
side of the substrate covered with one of said respective 
thermal radiative coatings, and 

b: infrared integrated emissivity from the back side 
of the substrate covered with the other one of said 
respective thermal radiative films. 

A specific constitution to attain such a coated body 
excellent in "thermal radiation property and self cooling 
property" is characterized in that the substrate is covered, 
on the surface side and back side thereof, with coatings, 
at least said coating on the surface side being a thermal 
radiative coating having thermal radiation property, and 
that 

the thermal radiative coating contains a blackening 
additive and satisfies the following equation (6): 

(X-3) x (Y-0.5) > 3 . . . (6) 
wherein, X represents the content (mass%) of the blackening 
additive contained in the thermal radiative coating, and 

Y represents thickness (|xm) of the coating. 

The above-described coated body has better properties 
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and is therefore useful when X (the content of the 
blackening additive contained in the thermal radiative 
coating) satisfies: 4 < X < 15 [Equation (7)]: Y 

(thickness of the coating) satisfies: Y > 1 |jiu; the 
blackening additive has an average particle size of 5 to 
100 nm; or the blackening additive is carbon black. 

The coated body which has succeeded in overcoming the 
above-described problems and is "excellent in thermal 
radiation property (moreover, self cooling property) and 
electric conductivity" (which coated body may hereinafter 
be called "third coated body") is characterized by that it 
has the above-described properties and its electric 

resistance satisfies 100 Q or less. More specifically, the 
thermal radiative coating contains a conductive filler 
(preferably, Ni) . 

The above-described coated body of the present 
invention (any one of the first to third coated bodies) has 
improved corrosion resistance and is therefore preferred, 
when a non-hydrophilic resin (preferably, a polyester 
resin) is used as a resin for forming the thermal radiative 
coating. 

The coated body of the present invention having a 
thermal radiative coating covered with a transparent 
coating has improved scratch resistance and fingerprint 
resistance so that it is useful. 
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The coated body of the present invention embraces a 
chromate-free coated body. In a preferred embodiment, the 
above-described substrate is a metal sheet subjected to 
chromate-free surface treatment and the thermal radiative 
coating contains an antirust agent further. Described 
specifically, it is recommended to incorporate, in the 
above-described thermal radiative coating, an epoxy- 
modified polyester resin and/or a polyester resin having a 
phenol derivative introduced in the main chain thereof and 
a crosslinking agent (preferably an isocyanate resin and/or 
a melamine resin, more preferably both used in combination) . 
Addition of these components makes it possible to maintain 
excellent corrosion resistance [an area ratio of a 
deteriorated portion in the salt spray test (72 hours) for 
testing corrosion resistance according to JIS-Z-2371: 10% 
or less] , excellent adhesion of coating (evaluated by the 
portion of the coating which is peeled off when the tape 
applied on the bent portion is removed) , and excellent 
formability (the number of cracks in the bend adhesion test 
as specified in JIS K 5400: 5 or less) . A double-layer 
coating having the above-described coating and another 
coating applied thereto is very useful, because such a 
constitution enables to prevent the elution of an antirust 
agent and therefore, to improve the corrosion resistance 
further [an area ratio of a deteriorated portion in the 
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salt spray test (120 hours) for testing corrosion 

resistance according to JIS-Z-2371: 10% or less]. 

Application of, to the above-described coating, a 

transparent coating as another coating can improve the 

scratch resistance and anti-fingerprint resistance further. 
Addition of a conductive filler (preferably Ni) to 

the above-described coating enables to impart it with 

excellent electric conductivity (electric resistance of 

100f2 or less). Although the addition of the conductive 
filler into the coating lowers corrosion resistance, it is 
possible to maintain good corrosion resistance by 
controlling the film thickness of at least the coating 
formed on the surface side of the coatings formed on both 
sides to 2|im or more. 

The coating composition for the members of an 
electronic device according to the present invention, which 
has succeeded in overcoming the above-described problems, 
is characterized by that it contains a film forming 
component and, based thereon, 3mass% or greater of a 
blackening additive and 10 to 50mass% of a conductive 
filler. Use of such a coating composition makes it 
possible to form a coating excellent in thermal radiation 
property and electric conductivity. Preferred are the 
coating compositions in which the blackening additive has 
an average particle size of 5 to 100 nm, the blackening 
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additive is carbon black, and the conductive filler is Ni, 
respectively. 

A coating composition which is the members of an 

electronic device, is to be applied to a substrate 

subjected to chromate-f ree surface treatment and comprises 

at least 35 parts by weight of an epoxy-modif ied polyester 

resin and/or a polyester resin having a phenol derivative 

introduced in the main chain thereof, 2 to 25 parts by 

weight of an antirust agent, 1 to 20 parts by weight of a 

crosslinking agent, over 3 parts by weight of a blackening 

additive and 10 to 50 parts by weight of a conductive 

filler is also braced in the present invention. The 

crosslinking agent preferably contains a melamine resin in 

an amount of 5 to 80 parts by weight based on 100 parts by 

weight of an isocyanate resin. The blackening additive has 

an average particle size of from 5 to 100 nm and use of 

carbon black is recommended. As the conductive filler, use 

of Ni is preferred. The chromate-f ree coating having 

excellent thermal radiation property, electric conductivity, 

corrosion resistance, adhesion of coating and formability 

can be formed by using the coating composition satisfying 

the above-described compositions. 

The present invention also embraces parts of an 

electronic device having, in a closed space thereof, a 

heating element, and having a cabinet wall composed wholly 



or partially of the above-described coated body for the 
members of an electronic device according to the present 
invention (examples of the parts include information 
recording products such as CD, LD, DVD, CD-ROM, CD-RAM, PDP 
and LCD, electric, electronic and communication related 
products such as personal computer, car navigation system 
and car audio-video, audio-video apparatuses such as 
projector, television, video and game machine, copying 
machines, printers, power supply box covers for air 
conditioner outdoor unit, control box covers, automatic 
vending machines and refrigerators. 

The present invention also embraces a thermal 
radiation property evaluating apparatus for evaluating the 
radiation property of a test plate, which comprises a 
cabinet having a ceiling surface made partially or wholly 
of said test plate, and side and bottom surfaces made of a 
heat insulating material; a heating element disposed on the 
bottom surface of the cabinet; and a thermometer disposed 
on the substantial center inside of the cabinet. The 
thermal radiation property evaluating apparatus having, 
above the test plate, a protective member for blocking it 
from the outside air conditions is very useful, because it 
can protect the test plate from factors (outside air or air 
from an air conditioner) presumably having an adverse 
effect on the thermal radiation property and therefore, can 
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evaluate thermal radiation property stably. 

Other and further objects, features and advantages of 
the invention will appear more fully from the following 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic view of an apparatus used for 
evaluating ATI (thermal radiation property) and AT2 (self 
cooling property of the coated body of the present 
invention; 

FIG. 2 is a graph showing a range of thermal 

radiation property (axb) of the first coated body according 
to the present invention; 

FIG. 3 is a graph showing a range of the second 
coated body of the present invention excellent in both self 
cooling property and thermal radiation property; 

FIG. 4 is a graph showing the relationship between 

ATI and the product (axb) of the infrared emissivities from 
the surface side and back side; 

FIG. 5 is a graph showing the relationship between 

the Value P [= (X-3 ) x ( Y-0 . 5 ) ] and the product (axb) of the 
infrared emissivities from the surface side and back side; 
FIG. 6 is a graph showing the relationship between 

AT2 and Value Q (=0.9a-b) in Example 5; 

FIG. 7 is a graph showing the relationship between 
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ATI and Value R [= (a-0 . 05) x (b-0 . 05) ] in Example 5; 

FIG. 8 is a schematic view of a thermal radiation 
property evaluating apparatus which is partially covered 
with a protective member; 

FIG. 9 is a schematic view of a thermal radiation 
property evaluating apparatus which is covered wholly with 
a protective member; 

FIG. 10 is a schematic view illustrating a desired 
portion of a thermometer used in the invention apparatus; 

FIG. 11 is a graph showing the relationship between 
the content (X) of carbon black and film thickness (Y) in 
Example 1; 

FIG. 12 is a graph showing the relationship between 
the infrared wavelength and emissivity of Sample No . 1 in 
Example 2; 

FIG. 13 is a graph showing the relationship between 
the infrared wavelength and emissivity of Sample No. 2 in 
Example 2; 

FIG. 14 is a graph showing the relationship between 
the infrared wavelength and emissivity of Sample No. 3 in 
Example 2; and 

FIG. 15 is a graph showing the relationship between 
the infrared wavelength and emissivity of Sample No. 4 in 
Example 2 . 
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DETAILED DESCRIPTIO N OF THE PREFERRED EMBODIMENTS 
The coated body for the members of an electronic 
device according to the present invention embraces the 
below-described modes [A] to [C] : 

[A] a coated body for the members of an electronic 
device excellent in thermal radiation property (first 
coated body) , 

[B] a coated body for the members of an electronic 
device excellent in thermal radiation property and self 
cooling property (second coated body) , and 

[C] the coated body of [A] or [B] , further having 
improved electric conductivity (third coated body) . 

The basic concept common to the above-described 
coated bodies [A] to [C] will next be described. 

The present inventors have carried out an extensive 
investigation with a view toward providing a novel coated 
body for the members of an electronic device, which coated 
body is capable of satisfying the essential properties 
required for electronic devices (such as maintenance of air 
tightness to protect them from water or dust, reduction in 
size, weight or cost, and the like) while lowering the 
temperature inside of the electronic devices (thermal 
radiation property) , particularly, with a focus on 
improvement in the thermal radiation property of the coated 
body itself. As a result, they have found that the desired 
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objects can be attained by covering the surface side and 
back side of a substrate with predetermined coatings. 

The present invention is based on the mechanism of 
"the heat (radiant heat) released from a heating source 
(heating element) inside of an electronic device is 
absorbed (emitted) by a coating formed on the back side and 
then released from the thermal radiative film on the 
surface side" . One of the great characteristics of the 
present invention resides in the successful application of 
a so-called "heat transfer system" to members of an 
electronic device. A coated body to which such a concept 
of "heat transfer system" has been applied to cause a heat 
released from an electronic device to absorb in "the back 
side of a substrate" and then, to emit it to "the surface 
of the substrate" has not been known yet and is novel. 

Prior to description of each coated body, the 
relationship between the first coated body (excellent in 
thermal radiation property) and the second coated body 
(excellent in both thermal radiation property and self 
cooling property) will be described. 

Between the first coated body and the second coated 
body, there is no difference in a basic concept of applying 
the above-described idea of "heat transfer" to members of 
an electronic device, thereby improving its thermal 
radiation property. They however differ in the problem to 
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be ultimately solved (main problem) , and technical concept 
and constitution for overcoming the problem. The main 
problem to be solved in the first coated body is 
improvement of thermal radiation property (lowering of the 
temperature inside of an electronic device) . The thermal 
radiative coatings on both sides of a substrate is regarded 
as one constituent and they are specified based on the 
concept of "the higher the product of the infrared 
emissivities on the surface side and the back side, the 
better". The main problem to be solved in the second 
coated body is, on the other hand, suppression of a 
temperature increase of the coated body itself while 
maintaining the thermal radiation property to some extent 
by making use of the above-described concept of "heat 
transfer". Based on the concept that "heat absorbed in the 
coated body is released by positively differentiating the 
infrared emissivity on the surface side from that on the 
back side and setting the infrared emissivity on the back 
side lower than that on the surface side, while setting the 
infrared emissivity on the surface side as high as 
possible", the constitutions of these coatings are 
controlled separately. Thus, these first and second coated 
bodies may be different in destination. 

Described specifically, the first coated body 
embraces a coated body which is excellent in thermal 
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radiation property but inferior in self cooling property. 
The second coated body, on the other hand, embraces a 
coated body which is excellent in self cooling property but 
a little inferior in thermal radiation property to the 
first coated body* Such a difference between them can be 
understood clearly from FIG. 2 which shows a range defined 
by the first coated body [a range . satisfying the above- 
described equation (1) and is therefore excellent in 
thermal radiation property] and FIG. 3 which shows a range 
defined by the second coated body [an overlapping portion 
of a range which satisfies the above-described equation (5) 
and is therefore excellent in thermal radiation property 
and a range which satisfies the above-described equation 
(4) and is therefore excellent in self cooling property] . 
These coated bodies embrace an overlapping portion of their 
ranges [a range which is excellent in thermal radiation 
property because the product of the infrared thermal 
emissivities from the surface side and back side is high 
and at the same time, is excellent in self cooling property 
because the infrared emissivity on the surface is higher 
than that on the back side] and in this portion, both the 
thermal radiation property and self cooling property are 
markedly excellent . 

Each coated body of the present invention will next 
be described. 
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[A] Coated body for members of an electroni c device 
excellent in thermal radiation property (first coated, body) 

The first coated body is developed based on the 
above-described basic concept. It has been found that the 
desired object is attained by covering the surface side and 
back side of a substrate with a predetermined thermal 
radiative coating, leading to the completion. 

The technical concept of the first coated body 
resides in that excellent thermal radiation property is 
attained by using, as a coated body for members of an 
electronic device, a coated body having a substrate covered, 
on the surface side and back side thereof [in the present 
invention, the side of a substrate exposed to the outside 
air viewed from the coated body is called ''surface side", 
while the inside of the coated body is called "the back 
side"], with thermal radiative coatings whose integrated 
emissivities at any infrared region (wavelength: 4.5 to 
15.4 (Jiti) (which may hereinafter be called "infrared 
integrated emissivity" or "infrared emissivity", simply) 
satisfy a predetermined range. 

Examples of the conventional coated body include a 
post-coated material which is coated after processing such 
as press processing and pre-coated material which is coated 
prior to processing. Since these coating materials are not 
developed based on the idea of "adopting the concept of 
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heat transfer system for improving thermal radiation 
property upon application of them to the cabinet of an 
electronic device", thermal radiative coatings having 
predetermined thermal radiation property have not been 
formed on both sides of a substrate. As a matter of fact, 
these conventional coated bodies have an outer surface 
(surface) coated for improving their design or 
functionality (corrosion resistance) , but their thermal 
radiation property is low. Their back side (inside surface 
of the coated bodies) is not coated or, if any, coated to 
maintain the minimum corrosion resistance (so, desired 
thermal radiation property cannot be attained) . It has 
been confirmed by Examples which will be described later 
that desired thermal radiation property is not available by 
such a one-side coated body. 

The above-described coated body will next be 
described specifically. 

The first coated body has a substrate covered, on the 
surface side and back side thereof, with respective thermal 
radiative coatings. It satisfies, as an index of its 

"excellent thermal radiation property", ATI (difference in 
the inside temperature of an electronic device) represented 

by the below-described equation (I) or "axb" (product of 
infrared emissivities from the surface side and back side 
of the coated body) represented by the below-described 
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equation (II) . 

Of these, "axb" is the product of the emissivities of 
infrared waves emitted from the coated body and is useful 
as an index showing the thermal radiation effect of the 
coated body. On the other hand, ATI means thermal 
radiation effect of the coated body when used as the member 
of an electronic device under simulated practical 
conditions. It is adopted in the present invention, 
because it permits evaluation of thermal radiation property 
at the atmospheric temperature (atmospheric temperature 
differs, depending on the kind of an electronic device, but 

is usually 50 to 70°C, about 100°C at the maximum) which 
can be assumed from the above-described application. 

These two indices expressing "thermal radiation 
property" are both useful and have a good mutual 
relationship. For your reference, the results of Examples 
(Tables 1 and 3) which will be described later are plotted 
in a graph and shown in FIG. 4. In the diagram, • shows 
the results of the coated bodies different in the 
composition of the thermal radiative coatings formed on the 

surface side and back side; and O shows the results of the 
coated bodies same in the composition of the thermal 
radiative coatings on the surface side and back side 
(carbon black was added as a blackening additive) . 

According to the first coated body which satisfies 
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such thermal radiation property, even if an amount of heat 
generated inside of the chassis increases (temperature 
increase occurs) owing to enhanced performance and size 
reduction of electronic devices, temperature therein can be 
reduced owing to excellent thermal radiation property. 
This enables life prolongation of the parts of an 
electronic device, power saving, noise reduction and 
enhancement of freedom of device designing (speed up, 
advance in function and miniaturization) so that the first 
coated body is very useful. 

Each property will next be described. 

(I) AT] (=Tl n -Tl, ) > 2.6°C 

In the equation, T1 A represents the temperature, at 
Position Tl, of the coated body of the present invention 
used as a sample and T1 B represents the temperature, at 
Position Tl, of a coating-film-free substrate used as a 
sample, each measured using the thermal radiation property 
evaluating apparatus of FIG. 1 which will be described 
later . 

The above-described ATI is an index determined to 
find how much the temperature inside of an electronic 
device can be reduced when the coated body of the present 
invention is used compared with the use of a substrate (a 
bare substrate not covered with a coating) . In the present 
invention, as an apparatus for measuring ATI, a thermal 
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radiation property evaluating apparatus as shown in FIG. 1, 
which apparatus is an original one in the present invention, 
is employed particularly. The apparatus of FIG. 1 is very 
useful as an apparatus capable of evaluating thermal 
radiation property of an electronic device under the 
atmospheric temperature (the atmospheric temperature varies, 
depending on the kind of the member of the electronic 

device, but is usually 50 to 70°C, about 100°C at the 
maximum) which is presumed when the coated body is used for 
the electronic device. It enables correct evaluation of 
thermal radiation effect of the coated body when used for 
an electronic device under simulated practical conditions. 
Since there has conventionally been no such useful 
apparatus capable of evaluating thermal radiation property, 
such a thermal radiation property evaluating apparatus as 
shown in FIG. 1 is embraced within the scope of the present 
invention (which will be described later) . 

In FIG. 1, illustrated is an apparatus of rectangular 
parallelopiped having an inside space of 100 mm (length) x 
130 mm (width) x 100 mm (height) . In FIG. 1, indicated at 
numeral 1 is a sample (test plate, area measured: 100 x 130 
mm) , 2 a heat insulating material, 3 a heating element 
[bottom area: 1300 m 2 , length of the longest straight line 
which can be drawn within the area of the heating element 
(corresponding to the length of a diagonal line in FIG. 1) : 
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164 mm] and 5 a thermometer. 

As the heating element 3, employed is a silicone 
rubber heater having an aluminum plate (infrared 
emissivity; 0.1 or less) adhered thereon. At Position Tl 
- in FIG. 1 [center of the inside space (50 mm above the 
heating element 3) ] , a thermocouple is fixed as the 
thermometer 5. The lower part of the thermocouple is 
covered for excluding the influence of heat radiation from 
the heating element. Since the atmospheric temperature 
inside the cabinet varies (and influences on thermal 
radiation property) depending on the kind of the material 
or using mode of the heat insulating material 2, a metal 
plate having an infrared emissivity of 0.03 to 0.06 [for 
example, electro galvanized steel plate (JIS SECC, or the 
like) ] is used as it, and it is attached to the cabinet so 
as to control the atmospheric temperature (absolute 
temperature) at Position Tl within a range of about 73 to 
74°C when measured using the method as described below. 
The other factors (for example, a fixing method of a 
sample) having an influence on thermal radiation property 
are also controlled so that the atmospheric temperature 
(absolute temperature) at Position Tl would be about 73 to 
74°C. 

An evaluation method of thermal radiation property by 
using the apparatus will next be described. 
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Measurement is conducted under controlled conditions 

of a temperature of 23°C and relative humidity of 60% in 
order to exclude variations in data owing to outside air 
conditions (wind, or the like) . 

First, each sample 1 is disposed. Power is supplied 
to heat a hot plate 3 to 140°C. After confirmation that 
the temperature of the hot plate becomes stable at 140°C 
and the temperature at Position Tl becomes 60°C or greater, 
the sample is taken out from the apparatus. When the 

temperature inside of the cabinet lowers to 50°C, the 
sample is disposed again. The temperature inside the 
cabinet is measured 90 minutes after re-disposal of the 

sample. Then, a difference (ATI) between the temperature 
of the sample and that of a substrate free of a coating is 
calculated. 

ATI in the present invention is determined by 
measuring the temperature 5 times per sample and finding an 
average of three data other than the upper limit and lower 
limit . 

The greater ATI thus calculated, the better thermal 
radiation property. It is preferred in the following 

order: 2 . 7°C or greater, 3 . 0°C or greater, 3 . 3°C or greater, 
3 . 5°C or greater, 3 . 7°C or greater and 4 . 0°C or greater. 

The index (target level) of thermal radiation 
property differs depending on the kind of an electronic 
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device. According to the. present invention, as described 
later, thermal radiation property can be adjusted to target 
one easily by controlling the content of a blackening 
additive in the thermal radiative coating properly in view 
of the thickness of coating. 
(II) Equation (1): axb > 0.42 

In the equation, (a) and (b) mean the integrated 
emissivity from the surface side and that from the back 
side, respectively, each at infrared wavelength (4.5 to 
15.4 |xm) when the coated body having a substrate covered, 
on the surface side and back side thereof, with respective 
thermal radiative coatings is heated to 100°C. The 
infrared integrated emissivity is measured by the method as 
described later. It is possible to measure the infrared 
integrated emissivity on the surface side and that on the 
back side, separately. 

In other words, "infrared integrated emissivity" 
means releasability (absorptivity) of infrared waves 
(thermal energy) . The greater the infrared emissivity, the 
greater the thermal energy amount released (absorbed) . For 
example, when 100% of the thermal energy given to a 
substance (coated body in the present invention) is emitted, 
the infrared emissivity becomes 1. 

In the present invention, an infrared integrated 
emissivity when the coated body of the present invention is 
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heated to 100°C is defined. In consideration of it being 
applied to electric appliances (atmospheric temperature 
differs depending on a member to which the coated body is 

applied, but it is usually 50 to 70°C, and 100°C at the 
maximum) , heating temperature is set equal to the 

temperature of such a practical level, that is, 100°C. It 
has however been confirmed by a test that even the coated 

body is heated to 200°C, the infrared integrated emissivity 
shows almost no change and the infrared integrated 
emissivity when heated to 200°C is about 0.02 higher but 
substantially equal to that when heated to 100°C (in 
Examples which will be described later, respective infrared 

thermal emissivities when heated at 100°C and 200°C are 
shown . ) 

In the present invention, the infrared integrated 
emissivity is measured as follows: 

Apparatus: "JIR-5500 Fourier transform infrared 
spectrophotometer" and radiometric unit "IRR-200", product 
of JEOL. 

Wavelength range to be measured: 4.5 to 15.4 jjiri 
Measuring temperature: Heating temperature of a 

sample is set at 100°C. 

Integration frequency: 200 times 
Resolving power: 16 cm' 1 

By using the above-described apparatus, the spectral 
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radiant intensity (found value) in the infrared wavelength 

range (4.5 to 15.4 (am) was measured. The found value of 
the sample includes the radiant intensity of back ground 
and instrument function so that in order to obtain a 
correct value, the integrated emissivity is calculated 
using an emissivity measuring program [Emissivity Measuring 
Program of JEOL] . The following is the specific 
calculation method. 
[Equation 1] 



wherein, 

s (X) : spectral emissivity (%) of sample at wavelength X 
E (T) : integrated emissivity (%) at temperature T (°C) 
M (X f T) : spectral radiant intensity (found value) of 
sample at wavelength X and temperature T (°C) 
A (X) : instrument function 

K FB (X) : spectral radiant intensity of fixed background 
(background which does not change according to sample) at 

wavelength X 

K TB (X, T TB ) : spectral radiant intensity of trap blackbody 
at wavelength X and temperature T TB (°C) 
K B (X, T) : spectral radiant intensity of blackbody at 



e = W = 



M(A,T) 
MX) 



K B (A, T) - K TB (A, T TB ) 
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wavelength and temperature T (°C) 

X lf X 2 : wavelength range to be integrated 

In the above-described equation, A (X: instrument 
function) and K FB (X: spectral radiant intensity of fixed 
background) are calculated based on the found value of 

spectral radiant intensity of two blackbody furnaces (80°C, 
160°C) and the spectral radiant intensity (calculated using 
Planck's law) of blackbody at the temperature range. 
[Equation 2] 



wherein, 

M 160 °C (X, 160°C) : spectral radiant intensity (found 
value) of blackbody furnace of 160°C at wavelength X 

M 80 °C (X, 80°C) : spectral radiant intensity (found value) 
of blackbody furnace of 80°C at wavelength X 

K 160 °C (X, 160°C) : spectral radiant intensity (calculated 
value using Planck's law) of blackbody furnace of 160°C at 
wavelength X 

K 80 °C (X, 80°C) : spectral radiant intensity (calculated 
value using Planck's law) of blackbody furnace of 80°C at 
wavelength X. 

The reason why K TB (X, T TB ) is considered upon 



M im „ c (A,\60°C) -M 80Oc g80°C) 



K FB (v) = 



A: i60OC (2,160 o C)-M 80 „ c (A,80 o C)-^ 80OC (^80 o C)M 160OC (A,160°C) 
M 160 „ c (A160 o C)-M 80OC (A80 o C) 
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calculation of integrated emissivity E (T=100°C) is because 
a water-cooled trap blackbody is disposed around the sample 
upon measurement- Disposal of the trap blackbody makes it 
possible to control the spectral radiant emissivity of 
variable background radiation (this means background 
radiation which changes, depending on the sample employed. 
Owing to the reflection of the radiation from the periphery 
of the sample onto the surface of the sample, the found 
value of the spectral radiant intensity of the sample 
includes this background radiation) at a low level. As the 
above-described trap blackbody, a pseudo-blackbody having 

an emissivity of 0.96 is employed. The value K TB [ {X, T TB ) : 
spectral radiant intensity of trap blackbody at wavelength 

X and temperature T TB (°C) ] is calculated as described below. 
K TB (X, T TB ) = 0.96 x K B [X, T TB ) 

wherein, K B {X, T TB ) means spectral radiant intensity 
of blackbody at wavelength X and temperature T TB (°C) . 

In the first coated body of the present invention, 

the product (a x b) wherein (a) represents the infrared 
integrated emissivity from the surface side of the 
substrate covered with a thermal radiative coating and (b) 
represents the infrared integrated emissivity from the back 
side of the substrate covered with a thermal radiative 
coating satisfies 0.42 or greater [equation (1)], said 
integrated emissivity [the above-described E (T=100°C) ] 
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being measured at infrared wavelength (4.5 to 15.4 urn). As 
described above, the value calculated from (a x b) (product 
of the infrared integrated emissivities released from the 
coated body) is useful as an index showing the thermal 
radiation effect of the coated body itself. The coated 
body capable of satisfying the above-described equation 
exhibits high radiation property on average in the above- 
described wavelength range so that the target level of 
thermal radiation property of the first coated body is 
determined at "a x b > 0.42". The greater the value of "a 
x b" (1 at the maximum), in other words, the closer it is 1, 
the better thermal radiation property the coated body 
exhibits. It is preferred in the following order: 0.49 or 
greater, 0.56 or greater, 0.61 or greater, 0.64 or greater 
and 0.72 or greater. 

Insofar as the first coated body satisfies the target 
level of the thermal radiation property, no particular 
limitation is imposed on the relationship between the 
infrared emissivity from the surface side and that from the 
back side. Both the coated body different in infrared 
emissivity between the surface side and back side and that 
similar in infrared emissivity between them are embraced. 
The second coated body of the present invention, on the 
other hand, aims at improvement of both thermal radiation 
property and self cooling property. A difference between 
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the first and second coated bodies exists in that the 
latter must have an infrared emissivity higher on the 
surface side than on the back side [which will be described 
later in [B] ] . 

Described specifically, infrared emissivities from 
both sides can be determined freely insofar as the equation 

(1) of thermal radiation property "a x b > 0.42" is 
satisfied. Since the maximum value of the infrared 
emissivity is 1, at least the infrared emissivity from one 
side is set at 0.42 or greater in order to satisfy the 
equation (1); at least the infrared emissivity from one 
side is set at 0.56 or greater in order to satisfy a x b > 
0.56, and at least the infrared emissivity from one side 
is set at 0.64 or greater in order to satisfy a x b > 0 . 62 . 

The greater the infrared emissivity from one side, 
the better. The coated body in which the infrared 
emissivity from at least one side satisfies 0.65 or greater 
is preferred. The infrared emissivity from at least one 
side is preferred in the following order: 0.7 or greater, 
0.75 or greater, and 0.8 or greater. The coated body in 
which the infrared emissivities from both sides are each 
0.65 or greater is more preferred. 

Moreover, in the first coated body, a difference 
between the maximum value A and the minimum value (A-B) of 
the spectral emissivity at any wavelength region of 
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infrared waves (wavelength: 4.5 to 15.4 |im) is preferably 
0.35 or less. This (A-B) indicates a variation range of 
emissivity in the above-described infrared wavelength 

region and when the equation M A-B < 0.35" is satisfied, 
high thermal radiation property can be exhibited stably in 
any infrared wavelength region. Coated bodies capable of 
satisfying the above-described requirement can also be used 
for electronic devices having, mounted thereon, various 
parts different in the infrared wavelength emitted 
therefrom. Expansion of its application to members of an 
electronic device can therefore be expected. Described 
specifically, as described above, emissivity is measured at 
any infrared wavelength region and a difference between the 
maximum value and the minimum value (A-B) of the spectral 
emissivity at the wavelength region is calculated as 
"variation range of emissivity". The smaller the value (A- 
B) , the more stable thermal radiation property is available. 
The value (A-B) is more preferably 0.3 or less, still more 
preferably 0.25 or less. 

A description will next be made of specific 
constitution for obtaining the first coated body. 

The coated body has a substrate covered, on the 
surface side and back side thereof, with respective thermal 
radiative coatings having thermal radiation property. 
Desired thermal radiation property is available by properly 
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controlling the content X (mass%, will hereinafter mean 

"mass%" unless otherwise specifically indicated) of a 
blackening additive in at least one of the thermal 

radiative coatings, while taking the thickness Y (|am) of 
the coating in consideration. Described specifically, X 
and Y satisfy the below-described equation (2) , of which X 
preferably satisfies the below-described equation (3) and Y 
preferably satisfies Y > 1 |im. 
1. Equation (2): (X-3) x (Y-0.5) > 15 

The calculated value of the left side [ (X-3) x (Y- 
0.5)] may hereinafter be represented by Value P. 

The above-described equation (2) determines the 
relationship between the content X (%) of a blackening 
additive in at least one of the thermal radiative coatings 
and thickness Y (jam) of the coating, as a requirement to 
attain the above-described thermal radiation property [an 
index such as ATI or (axb) ] . The above-described equation 
suggests that for attaining "thermal radiation property" as 
defined for the first coated body, it is necessary to 
properly control the content of a blackening additive such 
as carbon black, while taking the thickness of the coating 
into consideration. In the equation, mathematized is the 
finding of the present invention that "when the film is 
thin, the content of a blackening additive in it must be 
increased (which means an increase in the content of the 
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blackening additive per thickness) and when the coating is 
thick, the content of the blackening additive in it does 
not need to be high (which means a decrease in the content 
of the blackening additive per thickness) . 

Here, there generally exists good mutual relationship 
between the value P [=(X-3) x (Y-0.5)] and the thermal 
radiation property. FIG. 5 is the relationship between the 
value P and thermal radiation property (axb) shown in graph 
based on the results (Tables 4 and 5) of Examples which 
will be described later. The diagram suggests that the 
value P must be set at 15 or greater in order to attain the 
thermal radiation property of the target level (axb>0.42, 
AT1>2.6°C) of the first coated body. When the target 
thermal radiation property is established, the value P 
corresponding to it is calculated. By properly adjusting 
the ranges of X and Y to satisfy the calculated value P, 
the target thermal radiation property can be attained 
easily, which is the merit of the present invention. 

It is noted that the greater the value P is, the 
better thermal radiation property can be attained. Thus 
the value P is preferably 30 or greater. 

If the value P is increased too much, however, 
improvement in thermal radiation property is saturated and 
an increase in the amount of a blackening additive is 
economically useless. Moreover, in considering that the 
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coated body of the present invention is used for a cabinet 
of an electronic device and it is therefore required to 
have f ormability and electric conductivity, control of the 
upper limit of the value P is recommended. The upper limit 
is desired in the following order: 240, 200, 150 and 100. 

2. Equation (3) : 4% < X < 15% 

In the present invention, the content of a blackening 
additive is set at 3% or greater, with 4% or greater being 
recommended. The reason why the content is set at "X>3%" 
is because in order to satisfy the above-described equation 

(2), the coefficient (X-3) of the left side must be 
positive (>0) . 

The lower limit of X is set in order to attain 
excellent thermal radiation property and also properties 

(coatability, appearance, and the like) of the coated body 
itself. At the content not greater than 3%, desired 
properties are not available. The lower limit is desired 
in the following order: 5%, 7%, 8% and 10%. Although no 
particular limitation is imposed on the upper limit of X in 
relation to the thermal radiation property, the content of 
15% or greater deteriorates coatability, makes coating 
uneven and ruins appearance. The upper limit in view of 
coatability or the like is desired in the following order: 
less than 15%, 13% or 11%. 

3, Y > 1 p 
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Thickness Y of a thermal radiative coating is set to 

exceed 0.5 jam, preferably 1 jam. The reason why "Y>0.5 ^im" 
is set as a premise is because in order to satisfy the 
above-described equation (4), the coefficient (Y-0.5) of 
the left side of the equation must be positive (>0) . 

The above-described lower limit of Y is set in order 
to attain excellent thermal radiation property. When Y is 
not greater than 0.5 (jm, desired thermal radiation effect 
is not available even by the addition of a blackening 
additive in a large amount. The lower limit is preferred 
in the following order: 3 |uin, 5 \xm, 7 jam and 10 jam. 

Although no particular limitation is imposed on the 
upper limit of Y in relation to thermal radiation property, 
control of the upper limit to 50 pin or less (45 \\m or less, 
40 \im or less, 35 jam or less, and 30 jxm or less in the 
desired order) is recommended in considering that the 
coated body of the present invention is used for parts of 
an electronic device, improvement of formability is 
sometimes necessary in such an application, and cracks or 
peeling of a coating upon bending must be prevented. 

Control of the thickness Y to 12 p or less 
(preferably 11 |im or less, more preferably 10 |im or less) 
is recommended for imparting the coated body with better 
formability and excellent electric conductivity. 

Thus, the content X of a blackening additive and 
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thickness Y of a coating in the equation (2) were described. 

No particular limitation is imposed on the blackening 
additive usable in the present invention insofar as it is 
capable of imparting a target with a black color. Typical 
example is carbon black. Other examples include oxides and 
sulfides and carbides of Fe, Co, Ni, Cu, Mn, Mo, Ag or Sn, 
and black fine metal powder. Of these, carbon black is 
most preferred. 

The amount (X) of carbon black in the coating can be 
measured in the below-described manner. 

After addition of a solvent to a test sample (sample 
to be analyzed) , it is heated to decompose the organic 
matters in the test sample. The kind of the solvent to be 
used here differs with the kind of a base resin. A proper 
solvent may be used according to the solubility of each 
resin. For example, when a polyester resin or urethane 
resin is used as a base resin, the test sample is added to 
a container (eggplant type flask) in which a methanol 
solution of sodium hydroxide has been added and the 
container is heated over a water bath of 70°C to decompose 
the organic matters in the test sample. 

These organic matters are then filtered off through a 

glass filter (pore size: 0.2 |om) . Carbon in the resulting 
residue is determined by combustion infrared absorption 
analysis method and based on it, the concentration of 
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carbon black in the coating is calculated. 

The blackening additive is preferably controlled to 
have an average particle size of 5 to 100 nm. When the 
average particle size is less than 5 nm, desired thermal 
radiation property is not available. In addition, 
stability of the coating lowers, leading to inferior 
appearance after coating. When the average particle size 
exceeds 100 nm, on the other hand, not only thermal 
radiation property lowers, but also the appearance after 
coating becomes uneven. The particle size is preferably 10 
nm or greater but not greater than 90 nm, more preferably 
15 nm or greater but not greater' than 80 nm. Adjustment of 
the optimum average particle size of the blackening 
additive at about 2 0 to 4 0 nm is recommended in 
consideration of the stability of coating and uniform 
appearance after coating, as well as thermal radiation 
property. 

No particular limitation is imposed on the kind of 
the resin (base resin to form a thermal radiative coating) 
to be added to the coating from the viewpoint of thermal 
radiation property. Examples include acrylic resins, 
urethane resins, polyolefin resins, polyester resins, 
fluorine resins, and silicone resins, and mixed or modified 
resins thereof. They can be used as desired. The coated 
body of the present invention is used as a cabinet of an 
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electronic device, so improvement in formability is also 
required in addition to thermal radiation property. If it 
is taken into consideration, the base resin is preferably a 
non-hydrophilic resin [more specifically, a resin having a 
contact angle with water of 30° or greater (preferably 50° 
or greater, more preferably 70° or greater) ] . Although the 
resin capable of satisfying such a non-hydrophilic property 
differs with its mixing degree or modification degree, but 
use of a polyester resin, polyolefin resin, fluorine resin, 
silicone resin, or mixed or modified resin thereof is 
preferred, of which the use of a polyester resin or 
modified polyester resin (an epoxy-modif ied polyester resin, 
a thermosetting polyester resin such as a polyester resin 
having a phenol derivative introduced in the main chain 
thereof, or an unsaturated polyester resin) is recommended. 

To the coating, a pigment such as rust inhibitive 
'pigment or silicate may be added, as well as the blackening 
additive such as carbon black within an extent not damaging 
the effect of the present invention. An additive (at least 
one additive selected from Ti0 2 , ceramics, iron oxide, 
aluminum oxide, barium sulfate and silicon oxide) having 
thermal radiation property, other than carbon black, may be 
added within an extent not impairing the effect of the 
present invention . 

To the coating, a crosslinking agent can be added. 
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Examples of the crosslinking agent usable in the present 
invention include melamine compounds and isocyanate 
compounds. Addition of one or more of them in an amount 
ranging from 0.5 to 10 wt . % is recommended. 

Thus, the coated body of the present invention is 
covered with a thermal radiative coating containing a 
blackening additive such as carbon black. A coated steel 
plate having a resin coating added with a blackening 
pigment such as carbon black has already been disclosed. 

For example, in Japanese Patent Laid-Open No. 
120378/1991, disclosed is a process for producing a far 
infrared emission plate (having a base on which a ceramic 
layer having far infrared property has been formed) used as 
a member of a thermal tool. It includes such a description 
"a blackening pigment such as carbon black may be added to 
a predetermined black acrylic resin coating. By the 
addition, far infrared emission property is exhibited. The 
amount of the pigment is 0.1 to 10 parts by weight per 100 
parts by weight of the resin and the resin coating 
thickness is usually 0.1 to 5 \xm" . 

The infrared ray emission plate described in the 
above-described patent has a ceramic layer formed only on 
one side of a base. Since it is different from the coated 
plate of the present invention having a substrate covered, 
on both sides thereof, with a coating, desired thermal 
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radiation property is not available. 

The above-described far infrared emission plate and 
the coated body of the present invention are different in 
the object to be applied (using purpose) so that they are 
different in a basic idea for solving the problem and in 
constituting requirement. Described specifically, the far 
infrared emission plate is used in thermal tools (typified 
by a stove) which require thermal radiation property under 
markedly high-temperature conditions such as about 200 to 
300°C. Different from the coated body of the present 
invention, this plate is not developed at all to use for 
members of an electronic device whose internal temperature 
becomes about 40 to 70°C, even about 100°C at the maximum 
under atmospheric temperature. In the above-described 
patent, only an increase of a far infrared emissivity 
(radiant heat) from thermal tools such as stove as much as 
possible is intended and for this purpose, carbon black is 
added. Since the far infrared emission plate is designed 
for use as the plate for thermal tools, there is no room 
left for the above-described patent to have an idea leading 
to so-called "heat transfer system", that is, "heat 
released from an electronic device is absorbed from the 
back side of a substrate — > into the surface of the 
substrate — > emitted, to lower the inside temperature of 
the electronic device". 
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As a matter of fact, it has been confirmed by the 
test (No. 19 in Table 5 which will be described later) that 
as a result of investigation of the integrated emissivity 
and variation range of emissivity under the conditions as 
described in the present patent, thermal radiation property 
of the far infrared emission plate is inferior to that of 
the coated body of the present invention, because the 
former emission plate has been coated only at one side. 

In the above-described gazette, far infrared emission 
property is caused to exhibit in a high temperature range 
by carrying out blackening treatment using a Zn-Ni alloy 
coated steel plate as a base, thereby forming a black 
coating and then covering it with a black resin coating. 
If such an emission plate is applied to the members of an 
electronic device (used in a far lower temperature region 
compared with the far infrared emission plate) , which are 
subjects of the present invention, as is, various 
inconveniences occur because required properties differ 
with a difference in applications. Described specifically, 
(1) since the bending conditions for the members for an 
electronic device are severer than those for a thermal tool, 
cracks appear in the alloy coated layer bent under such 
conditions, and from them, peeling or dropping of the black 
resin coating or plating dust occurs, thereby ruining its 
appearance; and (2) when such peeling or dropping 
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phenomenon occurs inside of the alloy coated layer, peeled 
coating or plating dust attaches to and accumulate on the 
parts of an electronic device, thereby presumably causing 
disorders of the electronic device. 

Accordingly, the coated body of the present invention 
and the above-described emission plate are different 
inventions . 

The thermal radiative coating containing a blackening 
additive was so far described. In the above-described 
first coated body, at least one of the thermal radiative 
coatings formed on the surface side and back side of the 
substrate contains mainly the blackening additive. The 
other thermal radiative coating is not limited to it and 
can be formed by adding an additive having thermal 
radiation property (which may hereinafter be called 
"another thermal radiative additive) , other than the 
blackening additive, so as to satisfy desired thermal 
radiation property as determined by the present invention. 
It is needless to say that the coated body having a 
substrate covered, on the surface side and back side 
thereof, with thermal radiative coatings each added with a 
blackening additive is especially preferred. 

Examples of the "another thermal radiative additive" 
include Ti0 2 , ceramics, iron oxide, aluminum oxide, barium 
sulfate and silicon oxide. These additives may be used 
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either singly or in combination. The thickness of the 
thermal radiative coating containing mainly "another 
thermal radiative additive" can be set as desired so as to 
attain desired thermal radiation property. Although it 
depends on the kind or using purpose of "another thermal 
radiative additive" employed, recommended thickness is 

about 15 to 30 |im. 

In the case of a Ti0 2 -containing coating, an infrared 
emissivity of around 0.8 can be attained by forming a 
coating containing about 40 to 60% of Ti0 2 to give a 

thickness of about 25 to 30 jam. Addition of a blackening 
additive such as carbon black to the coating increases the 
infrared emissivity further. When a coating of metallic 
finish is desired, 5 to 30% of Al flake or the like is 
added to the coating and the thickness of the coating is 

set at about 5 to 30 |xm. Then, an infrared emissivity of 
about 0.6 to 0.7 can be attained. 

TBI Coated body (second coated body) for members of an 

electronic device excellent in thermal radiation property 
and geJ- f cooling property 

The second coated body has a substrate covered, on 
the surface side and back side thereof, with coatings and, 
at least the surface side of the substrate, covered with a 
thermal radiative coating having thermal radiation property. 
It satisfies, as an index of "excellent self cooling 
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property", AT2 (extent of temperature increase suppression 
of the coated body itself) described in (III) or the 
equation (4) [b < 0.9(a-0.05)] described in (IV); and, as 
an index of "excellent thermal radiation property" in the 
second coated body, the equation (5) [(a-0.05) x (b-0.05)> 
0.08] described in (V). 

First, the index of self cooling property will be 
described. 

The equation (4) serves as an index of thermal 
radiation effect for transferring the heat absorbed in the 
coated body toward the outside air side by setting the 
infrared emissivity on the surface side higher than that on 
the back side. AT2 is, on the other hand, an index of 
thermal radiation effect at a practical level established 
by simulating the use of the coated body for an electronic 
device . 

Both of these indices are useful as an index of "self 
cooling property" and have a good mutual relationship. For 
your reference, shown in FIG. 6 are the results of Examples, 
which will be described later, plotted in graph. The 
calculated value (which may hereinafter be represented by 
"Value Q") of the left side (0.9a-b) of the modified 
equation of (4): [(0.9a-b) > 0.05] is plotted along the 
ordinate of FIG. 6. 

In the second coated body satisfying such self 
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cooling property, a temperature increase of the coated body 
itself can be suppressed so that electronic devices which 
are safe for users can be supplied, for example, even if 
users touch, during the device operation, its cabinet to 
which the coated body has been applied, they do not feel 
heat. This coated body also has good thermal radiation 
property. Members of an electronic device having both 
properties are very useful for expanding their applications 
further . 

In the next place, the three properties will be 
described. 

(Ill) AT2 T2 £ - T2 . ) > 0.5°C 

In the above-described equation, T2 A represents the 
temperature, as measured using the above-described thermal 
radiation property evaluating apparatus shown in FIG. 1, of 
a coated body of the present invention used as a sample; 
and T2 B represents the temperature, as measured using the 
same apparatus, of a substrate not covered with a coating 
used as a sample. Measurement was conducted in a similar 
manner to that employed for the measurement of ATI. A 
difference (AT2) in temperature when the sample is used and 
that when a substrate not covered with a coating is used is 
calculated. 

It should be noted that AT2 in the present invention 
is an average of 5 times measurement of each sample except 
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the upper and lower limits. 

The AT2 is an index (self cooling property) of how a 
temperature increase of a coated body itself can be 
suppressed upon operation of an electronic device by using 
the coated body of the present invention compared with the 
use of a substrate (a bare substrate not covered with a 
coating) . In the present invention, the thermal radiation 
property evaluation apparatus as shown in FIG. 1, which 
apparatus is original in the present invention, is used for 
measurement of AT2 . 

The greater the AT2, the better for attaining 
excellent self cooling property. The AT2 is preferred in 
the following order: 1 . 0°C or greater, 1 . 5°C or greater, 
2 . 0°C or greater and 2 . 5°C or greater. 
(IV) Equation (4); h < 0.9(a-Q.Q5) 

In the equation, (a) , (b) and measuring method of 
infrared integrated emissivity are similar to those 
described above in (II) . 

As described above, the equation (4) is also useful 
as an index of "self cooling property", that is, 
suppression of a temperature increase of a coated body 
itself. This equation specifies the relational expression 
of infrared emissivities on the surface side and back side 
of the substrate of a coated body permitting maintenance of 
desired self cooling property (AT2 > 0.5°C), based on the 
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concept of "a temperature increase of the coated body 
itself is suppressed by forming a coating having higher 
infrared emissivity on the surface side (outside air side) 
of the substrate than the infrared emissivity of the 
coating formed on the back side (inner side of the 
electronic device) of the substrate". 

When a coated body is used for the cabinet of an 
electronic device, an increase in the infrared emissivity 
on the inner side of the cabinet (back side) raises the 
absorption amount of infrared waves emitted from the heat 
source in the electronic device, leading to a temperature 
rise of the coated body itself. An increase in the 
emissivity on the outer side of the cabinet (surface side) , 
on the other hand, raises the amount of infrared waves 
emitted from the coated body toward the outside air, 
leading to a temperature decrease of the coated body. 
Based on such finding, the above-described equation is 
established after various tests. The present invention 
makes it possible to efficiently suppress a temperature 
increase of the coated body itself, because the amount 
emitted from the surface side of the substrate exceeds the 
amount of heat absorbed (emitted) on the back side of the 
substrate . 

Such a coated body having coatings different in 
thermal radiation property disposed on the surface side and 
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back side of a substrate, thereby suppressing a temperature 
increase of the coated body while maintaining the level of 
thermal radiation property to some extent has not been 
known yet and is novel. 

Accordingly, the greater a difference in the infrared 
emissivity between (a) and (b) , the better self cooling 
property is available. More specifically, the greater the 
value Q (=0.9a-b), the better. The value Q is preferred in 
the following order: 0.13 or greater, 0.24 or greater, 0.35 
or greater and 0.47 or greater. 

'(V) Equation (5) : (a - 0.05) x (b-0.05) > 0.08 

The equation (5) specifies the index of thermal 
radiation property of the second coated body by the product 
of infrared integrated emissivities on the surface side and 
on the back side. The greater the calculated value (which 
may hereinafter be represented by "value R") of the left 
side [(a - 0.05) x (b-0.05)], the better the thermal 
radiation property (ATI). The lower limit is preferred in 
the following order: 0.35 (corresponding to about 2 . 6°C in 
ATI) and 0.52 (corresponding to about 3 . 5°C in ATI). 

The above-described equation (5) has a good mutual 
relationship with the above-described ATI ("a difference in 
the inside temperature of an electronic device" which was 
described in the first coated body) . For your reference, 
results of Examples, which will be descried later, plotted 
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in a graph are shown in FIG. 7. 

Compared with the thermal radiation property level 
(ATI > 2 . 6°C in terms of ATI) of the first coated body, 
that^ (ATI > 1.5°C) of the second coated body has a wide 
permissible range. It is established based on the finding 
that the main problem to be solved in the second coated 
body is improvement of self cooling property and insofar as 
this problem is overcome, the second coated body may have 
thermal radiation property a little lower than the first 
coated body. 

Next, the specific constitution to obtain the second 
coated body will be described. 

The coated body has a substrate covered, on the 
surface side and back side thereof, with coatings and at 
least the coating on the surface side has thermal radiation 
property. In order to attain desired self cooling property, 
it is necessary to satisfy the equation (4) by making the 
infrared emissivity on the surface side higher than that on 
the back side; and at the same time, to satisfy at least 
the equation (5) with regards to the thermal radiation 
property. In this second coated body, thermal radiation 
property required is different between the surface side and 
the back side so that description will be made, depending 
on some cases. 

The "thermal radiative coating on the surface side" 
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of the second coated body embraces the following 
embodiments (i) and (ii) . 

(i) Embodiment in which a blackening additive is mainly 

added ^ n< d the content QD of the blackening additive in a 

thermal radiative coating is controlled in view of th^ 
thickness (YJ of the coating 

When thermal radiation property is improved by adding 
a blackening additive to the coating on the surface side, X 
(amount of the blackening additive) and Y (thickness of the 
coating) may be controlled as desired so as to satisfy the 
below-described equation (6) . The controlling method will 
be described below specifically in [4] to [6]. 
4, Equation (6); (X-3) x (y-0.5) > 3 

Equation (6) is a relational expression of X and Y 
for attaining the target level (ATI > 1.5°C) of thermal 
radiation property of the second coated body. The greater 
the value P [(X-3) x (Y-0.5)], the better thermal radiation 
property available. It is desired in the following order: 
7 or greater, 11 or greater, 15 or greater, 30 or greater 
and 50 or greater. 

Even if the value P is increased too much, 
improvement in thermal radiation property is saturated and 
an increase in the amount of a blackening additive is 
economically useless. Moreover, in considering that the 
coated body of the present invention is used for a cabinet 
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of an electronic device and it is required to have 
formability and electric conductivity, control of the upper 
limit of the value P is recommended. The upper limit is 
desired in the following order: 240, 200, 150 and 100. 

The lower limit of the equation (6) is smaller than 
that of the equation (2) established in the first coated 
body, because the thermal radiation property of the second 
coated body embraces a little lower level compared with 
that of the first coated body and its permissible range is 
widened. 

5. Equation (7): 4% < X < 15% 

The content of the blackening additive is 3% or 
greater, with 4% or greater being recommended. The reason 
why "X > 3%" is set as a premise is that in order to 
satisfy the above-described equation (6), (X-3) , a 
coefficient of the left side of the equation must be 
positive (>0) . 

The lower limit of X is determined in order to attain 
excellent thermal radiation property and at the same time 
to maintain the properties (coatability, appearance, and 
the like) of the coated body itself. At the content not 
greater than 3%, desired properties are not available. The 
lower limit is preferred in the following order: 5%, 7%, 8% 
and 10%. Although no particular limitation is imposed on 
the upper limit of X in relation to the thermal radiation 
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property, the content of 15% or greater deteriorates 
coatability, makes coating uneven and ruins appearance. 
The upper limit in consideration of coatability or the like 
is preferred in the following order: less than 15%, 13% or 
11%. 

6, Y > 1 j mti 

Thickness Y of a thermal radiative coating is set to 
exceed 0.5 Jim, preferably 1 |LUti. The reason why "Y>0 . 5 |am" 
is set as a premise is because in order to satisfy the 
above-described equation (6), the coefficient (Y-0.5) of 
the left side of the equation must be positive (>0) . 

The above-described lower limit of Y is set in order 
to attain excellent thermal radiation property. When Y is 

not greater than 0.5 pirn, desired thermal radiation effect 
is not available even by the addition of a blackening 
additive in a large amount. The lower limit is preferred 
in the order of 3 jam, 5 jxm, 7 jlaiu and 10 (am. 

Although no particular limitation is imposed on the 
upper limit of Y in relation to thermal radiation property, 
control of the upper limit to 50 \xrci or less (45 jam or less, 
40 |um or less, 35 (jm or less, and 30 |im or less in the 
desired order) is recommended in considering that the 
coated body of the present invention is used for parts of 
an electronic device, improvement of formability is 
sometimes necessary in such an application, and cracks or 
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peeling of a coating upon bending must be prevented. 
Control of the thickness Y to 12 jam or less 

(preferably 11 |xm or less, more preferably 10 jxm or less) 
is recommended for imparting the coated body with better 
formability and excellent electric conductivity. 

(JJJ Embodiment in which an additive other than a 
blackening additive ig added mainly 

When an additive other than a blackening additive is 
used in order to improve thermal radiation property of the 
coating on the surface side, usable additives include Ti0 2 , 
ceramics, iron oxide, aluminum oxide, barium sulfate and 
silicon oxide. These additives may be used either singly 
or in combination. A blackening additive such as carbon 
black may be added further. The thickness of the thermal 
radiative coating can be determined as needed depending on 
the kind of the additive employed, but thickness of about 5 

to 30 |jm is usually recommended. 

More specifically, in the case of a Ti0 2 -containing 
coating, addition of titanium oxide to the coating in an 
amount of about 50 to 70%, and adjustment of the coating 

thickness to about 25 to 30 (Jin are recommended. When 
appearance of metallic finish is desired, addition of Al 
flake in an amount of about 5 to 30%, and adjustment of the 

coating thickness to about 5 to 30 jam are recommended. 

A description will next be made of "the coating on 
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the back side" in the second coated body of the present 
invention. The above-described "coating on the surface 
side" must be a thermal radiative coating in order to 
maintain excellent self cooling property, but the "coating 
on the back side" is not necessarily a thermal radiative 
coating insofar as desired properties of the second coated 
body can be attained. The second coated body does not 
embrace "one-side coated steel plate" which has no coating 
on the back side of a substrate (a substrate without a 
coating thereon exhibits an infrared emissivity of about 
0.04 so that desired self cooling property is not 
available) . Any coating can be adopted insofar as it 
satisfies the above-described equation (4) . 

The coating on the back side can be formed by using 
one or plural additives selected from the above-described 
blackening additives and additives other than the 
blackening additives and adjusting its (their) amount and 
coating thickness as needed depending on the emissivity on 
the coating on the surface side. When the blackening 
additive is employed for the formation of the coating on 
the back side, the relationship between X and Y does not 
necessarily satisfy the above-described equation (6). Even 
if the coating has little thermal radiation property (the 
value P is less than 0) , desired self cooling property can 
be attained only by properly controlling the infrared 
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emissivity of the coating on the surface side (refer to Nos 
1 and 11 in Table 6 which will be described later) . 

A coating free of the above-described additive and 
having a thickness controlled within a predetermined range 
(about 2 . 5 |LUti or greater) can also be adopted (refer to Nos 
3 to 7 in Table 6 which will be described later) , because 
thermal radiation property can be attained to some extent 
only by a resin contained in the coating. 

When a non-hydrophilic polyester resin is used as a 
coating-coating-forming resin, the thickness of the coating 
may be adjusted to about 2.5 (jui or greater. 

Basic constitution of the second coated body 
according to the present invention concerning the 
blackening additive/another additive to form the coatings 
on the surface side -back side was described. In the 
coating of the second coated body, the kind and average 
particle size of the blackening additive, the kind of the 
additive other than the blackening additive, the kind of 
the resin or additive added to the coating and the like are 
similar to those described above in the first coated body, 
rci Coated body (third coated body) for members of an 
electronic device which have improved ele ctric conductivity 
over the coated b o dies in [A] and UBJ 

The third coated body according to the present 
invention has, in addition to the properties of the first 
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and second coated bodies, excellent electric conductivity. 
As its index, an electric resistance is set at 100 Q or 
less. It is preferably 10 Q or less. 

The electric resistance is measured in the below- 
described manner. 

Used are an electric conductivity measuring apparatus 
are "Loresta EP", (trade name; product of Mitsubishi 
Chemical) and 2-pin probe ( "MCP-TP01", product of 
Mitsubishi Chemical) . Upon measurement, two copper plates, 
each 20 mm square and 0.8 mm thick, are placed apart 
between the pin of the probe and a sample to be measured, 

whereby the resistance (Q) of the sample is measured. 

To obtain such a coated body having excellent 
electric conductivity, a conductive filler is added in an 
amount of 10 to 50% to the coating on the surface side 
and/or on the back side. In the present invention, the 
first coated body and second coated body each has a 
substrate covered, on the surface side and back side 
thereof, with coatings. If a conductive filler is added to 
the surface side and back side of the substrate, the 
resulting coated body has excellent electric conductivity. 
In some applications, however, predetermined electric 
conductivity can be attained even by the addition of a 
conductive filler to one of these sides. 

Examples of the conductive filler usable in the 
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present invention include single metals such as Ag, Zn, Fe, 
Ni and Cu; and metal compounds such as FeP. Of these, Ni 
is especially preferred. Although no particular limitation 
is imposed on the form of the filler, scaly one is 
recommended in order to attain better electric conductivity. 

The content of the conductive filler is 10 to 50% 
based on 100% (in terms of a solid content) of the coating 
forming components (all the coating-coating-forming 
components including a base resin such as polyester resin, 
a crosslinking agent added as needed, a blackening additive, 
a conductive filler and optionally, an additive) . At the 
content less than 10%, desired effects are not available. 
The content of the conductive filler is preferably 15% or 
greater, more preferably 20% or greater, still more 
preferably 35% or less. When the content of the conductive 
filler exceeds 50%, formability lowers. Particularly when 
the coated body is applied to a site which requires high- 
level bending property such as coated metal plate, the 
content is preferably adjusted to 45% or less, more 
preferably 40% or less, still more preferably 35% or less. 

The coating featuring the coated body of the present 
invention was described in detail. As described above, the 
most important point of the present invention is that the 
constitution of the coating was specified. No particular 
limitation is imposed on the substrate. Examples of the 



-62- 



substrate usable in the present invention therefore include 
(1) metal sheets, more specifically, steel sheets such as 
cold-rolled steel sheet, hot-rolled steel sheet, electro 
galvanized steel sheet, hot dipped galvanized steel sheet 
(GI), galvanneal steel sheet (GA) , 5% Al-Zn coated steel 
sheet, 55% Al-Zn coated steel sheet, various coated steel 
sheets of Al or the like, and stainless steel sheet, and 
known metal sheets; and (2) substrates other than metal 
sheets such as wire rod, rod stock, pipe material and 
ceramic material. The metal sheet (1) subjected to surface 
treatment such as chromate or phosphate treatment in order 
to improve corrosion resistance, adhesion of coating or the 
like is also embraced within the scope of the present 
invention. Of these, preferred are metal materials such as 
metal sheet and ceramics which are excellent in thermal 
electric conductivity. 

The above-described metal sheets (1) may be subjected 
to surface treatment such as chromate treatment or 
phosphate treatment in order to improve corrosion 
resistance and adhesion of the coating. Alternatively, 
metal sheets subjected to non-chromate treatment may be 
used. Metal sheets subjected to any surface treatment are 
embraced within the scope of the present invention. 

The constitution of the coated body of the present 
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invention using a metal sheet subjected to non-chromate 
treatment will next be described. 

In the above-described substrate subjected to 
chromate-free surface treatment, the thermal radiative 
coating (at least, the surface side) is required to contain 
an antirust agent further, because it is known that in 
general the non-chromate treatment lowers corrosion 
resistance and use of the antirust agent is indispensable 
for improving the corrosion resistance. 

No particular limitation is imposed on the above- 
described "chromate-free surface treatment" and ordinarily- 
employed known surface treatment may be used. More 
specifically, use of phosphate, silicate, titanium and 
zirconium surface treatments either singly or in 
combination is recommended. 

Examples of the above-described antirust agent 
include silicate compounds, phosphate compounds, phosphite 
compounds, polyphosphate compounds, organic sulfur 
compounds, benzotriazole, tannic acid, molybdate compounds, 
tungstate compounds, vanadium compounds, and silane 
coupling agents. They may be used either singly or in 
combination. Particularly preferred is combined use of a 
silicate compound (such as calcium ion exchanged silicate) 
and a phosphate compound, a phosphite compound or a 
polyphosphate compound (such as aluminum tripolyphosphate ) . 
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Use of the silicate compound and (phosphate compound, 
phosphite compound or polyphosphate compound) at a weight 
ratio of from 0.5 to 9.5:9.5 to 0.5 (more preferably, 1:9 
to 9:1) is recommended. Both of corrosion resistance and 
formability can be attained by controlling the ratio within 
the above-described range. 

These antirust agents may be used for. the above- 
described surface treatment. 

The corrosion resistance can be attained by the use 
of an antirust agent but addition of it is known to lower 
the formability. In the present invention, the resin and 
crosslinking agent as constituent components of the thermal 
radiative coating are carefully combined. Use of an epoxy- 
modified polyester resin and/or a polyester resin having a 
phenol derivative introduced in the main chain thereof and 
a crosslinking agent (preferably an isocyanate resin and/or 
a melamine resin, more preferably use of both) is 
recommended . 

Of these, the epoxy-modif ied polyester resin and the 
polyester resin having a phenol derivative introduced in 
the main chain thereof (for example, a polyester resin 
having bisphenol A introduced into the main chain thereof) 
are superior in corrosion resistance and adhesion of 
coating to polyester resins. 
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The isocyanate crosslinking agent improves 
f ormability (meaning an improved appearance after 
processing and in the below-described examples, it is 
evaluated by the number of cracks in the bend adhesion 
test) and it contributes to maintain excellent formability 
which will otherwise be deteriorated by the addition of an 
antirust agent. 

The excellent corrosion resistance of the melamine 
crosslinking agent has been revealed from the 
investigations of the present inventors. Accordingly, 
combined use of it with the above-described antirust agent 
attains extremely good corrosion resistance. 

In the present invention, the isocyanate crosslinking 
agent and the melamine crosslinking agent may be used 
either singly or in combination and formability and 
corrosion resistance can be improved further in the latter 
case. Specifically, addition of the melamine resin in an 
amount of from 5 to 80 parts by weight based on 100 parts 
by weight of the isocyanate resin is recommended. When the 
amount of the melamine resin is less than 5 parts by weight, 
corrosion resistance does not reach the desired level. 
When the amount of the melamine resin exceeds 8 0 parts by 
weight, on the other hand, effects of the isocyanate resin 
do not appear well, leading to insufficient improvement of 
formability. Based on 100 parts by weight of the 
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isocyanate resin, the melamine resin is added preferably in 
an amount of 10 parts by weight or greater but not greater 
than 40 parts by weight, more preferably 15 parts by weight 
or greater but not greater than 30 parts by weight. 

A composition of the coating components, that is, 
resin, antirust agent, crosslinking agent, blackening 
additive and conductive filler will be described later in 
"coating composition" . 

The coated body having such a constitution is 
excellent in corrosion resistance, adhesion of coating and 
formability. With regards to the corrosion resistance, it 
can satisfy the requirement for the corrosion resistance as 
specified in JIS-Z-2371 that an area ratio of a 
deteriorated portion (swelling of coating, rust, or the 
like) in the salt spray test (72 hours) be 10% or less 
(preferably, 5% or less) . This corrosion resistance can be 
improved by selecting the crosslinking agent properly (for 
example, adding only a melamine crosslinking agent useful 
for improving corrosion resistance in a predetermined 
amount) or adopting a double-layer coating structure, that 
is, a coating having another coating (transparent coating) 
formed thereon, for the purpose of preventing elution of an 
antirust agent. As a result, the coated body with a double 
layer coating structure can satisfy the more severe 
requirement in the test [salt spray test (for 120 hours) 
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for testing corrosion resistance as specified in JIS-Z- 
2371] that an area ratio of a deteriorated portion be 10% 
or less (preferably, 5% or less) . 

The above-described coated body is also excellent in 
adhesion of coating and f ormability . The "adhesion of 
coating" and "f ormability" are common in the sense that 
they are evaluated as the "appearance after processing". 
In the present invention, the formability is evaluated by 
"the number of cracks in the bend adhesion test according 
to JIS K5400" (the coated body of the present invention 
satisfies the requirement that the number of cracks not be 
greater than 5, preferably 2 or less, more preferably 0 in 
the bend adhesion test) , while the "adhesion of coating" is 
evaluated by the "adhesion of coating at a bent portion". 

When good electric conductivity is desired as well as 
the above-described characteristics (corrosion resistance, 
adhesion of coating and formability) , it can be attained by 
the addition of a conductive filler to the coating. This 
makes it possible to adjust the electric resistance to 100 
Q or less only. The preferred conductive fillers usable in 
the present invention are as described above. Addition of 
the conductive filler to the coating lowers corrosion 
resistance, but by adjusting the thickness of the coating 
to 2 p or greater, both the corrosion resistance and 
conductivity can be attained even if it is a chromate-f ree 
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coated body* The thickness of the coating is preferably 3 

|im or greater, more preferably 5 p or greater. It is, on 

the other hand, recommended to control the upper limit to 

12 fjm (more preferably, 10 join) as described above. 

A description was made on the coated body of the 

present invention using a metal sheet subjected to non- 

chromate treatment . 

The coated body of the present invention so far 

described has a single-layer coating constitution which has 

a coating formed on a substrate. The present invention 

embraces the double-layer coating structure. Particularly 

in the present invention, when a black coating is used in 

order to impart the coated body with scratch resistance and 

fingerprint resistance, adoption of a double-layer coating 

constitution, that is, the black coating having a 

transparent film applied thereon is recommended. The black 

coating is coated in black which is a dark color so that a 

fingerprint is apparent when the coated body is treated by 

hands. This lowers the quality of appearance. The 

formation of a transparent coating however improves 

fingerprint resistance. Another merit is that when the 

black coating is scratched, a transparent coating thereover 

obscures the scratch. 

Although it is important to control the thickness of 
a transparent coating in order to improve the scratch 
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resistance and fingerprint resistance while maintaining the 
desired characteristics (thermal radiation property/self 
cooling property) , a preferred range of the thickness of 
the transparent coating varies when the coated body is 
imparted with excellent conductivity in addition to the 
thermal radiation property. 

In the case of a coated body having a coating without 
a conductive filler, it is recommended to adjust the 
thickness of the transparent coating to 0.1 to 10 (Jin in 
order to improve the scratch resistance and fingerprint 
resistance while maintaining excellent thermal radiation 
property/self cooling property. When the thickness is less 
than 0.1 nm, the resulting transparent coating cannot bring 
about effects for improving the scratch resistance and 
fingerprint resistance. The thickness is preferably 0.2 jam 
or greater, more preferably 0.3 p or greater. The upper 
limit of the thickness is desirably set at 10 jam, because 
at a thickness exceeding 10 pirn, improvement of scratch 
resistance and the like is saturated and the cost for the 
coating wastefully increases. The upper limit of the 
coating is more preferably 8 |im, still more preferably 7 |jiti. 

In the case of a coated body having a coating with a 
conductive filler, on the other hand, it is necessary to 
improve the scratch resistance and fingerprint resistance 
while keeping good electric conductivity as well as 
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excellent thermal radiation property/self cooling property. 
For this purpose, adjustment of the thickness of the 
transparent coating to 0.1 to 3.0 |ixm is recommended. When 
the thickness is less than 0.1 ^m, effects for improving 
the scratch resistance and fingerprint resistance are not 
available. The thickness is more preferably 0.2 \xra or 
greater, more preferably, 0.3 urn or greater. Too thick 
coating adversely affects the electric conductivity so that 
the upper limit is preferably set at 3.0 [xm, more 
preferably 2.0 (jm, still more preferably 1.5 |xm. 

The formation of the double-layer coating structure 
having a transparent coating stacked over a first coating 
is effective for drastically improving the scratch 
resistance compared with that of a single-layer coating 
structure and at the same time, improving the fingerprint 
resistance which cannot be attained by the above-described 
single-layer coating structure. 

There is no particular limitation imposed on the 
resin constituting the above-described transparent coating 
and all the resins capable of forming a transparent coating 
are embraced. Specific examples include acrylic resins, 
urethane resins, polyolefin resins, polyester resins, 
fluorine resins and silicone resins, and mixed resins and 
modified resins thereof. Within an extent not damaging the 
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effects of the present invention, additives such as 
crosslinking agents, waxes and matting agents may be added 
to the transparent coating. This makes it possible to 
easily control the lubricity or strength of the coating, 
leading to further improvement in the scratch resistance. 
No particular limitation is imposed on the additive usable 
in the present invention insofar as it is usually added to 
a coating and is capable of exhibiting the above-described 
effects effectively. Examples include crosslinking agents 
such as melamine and blocked isocyanate ones. 

As described above, a coated body having a multilayer 
coating structure which has, as another coating, a coating 
other than a transparent coating is embraced in the present 
invention. In this case, a pigment such as coloring 
pigment can be added to the resin and additives 
constituting the transparent coating. 

In the present invention, a coating composition 
obtained by adding over 3 parts by weight of a blackening 
additive and 10 to 50 parts by weight of a conductive 
filler to the coating forming components is also embraced 
within the scope of the present invention. The 
requirements for the blackening additive (preferably, 
carbon black having an average particle size adjusted to 
fall within a range of from 5 to 100 nm; the relationship 
between the content and the thickness of the coating 
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satisfying the above-described equation is recommended) and 
the requirements for the conductive filler (preferably, Ni) 
were already described above. Use of the coating 
composition of the present invention enables to form a 
coating excellent in thermal radiation property and 
electric conductivity so that the composition can be used 
preferably as a coating composition for obtaining a coated 
body for members of an electronic device. 

As a coating composition to be applied to a substrate 
subjected to chromate-f ree surface treatment, the coating 
composition containing 35 parts by weight or greater 

(preferably, 40 parts by weight or greater, more preferably 
45 parts by weight or greater) of an epoxy-modif ied 
polyester resin and/or a polyester resin having a phenol 
derivative introduced in the main chain thereof, 2 to 25 
parts by weight (preferably 3 parts by weight or greater 
but not greater than 20 parts by weight, more preferably 4 
parts by weight or greater but not greater than 15 parts by 
weight) of an antirust agent, 1 to 20 parts by weight 

(preferably 2 parts by weight or greater but not greater 
than 18 parts by weight, more preferably 3 parts by weight 
or greater but not greater than 15 parts by weight) of a 
crosslinking agent, over 3 parts by weight of a blackening 
additive, and 10 to 50 parts by weight of a conductive 
filler is also embraced in the present invention. Of these, 
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preferred requirements for the crosslinking agent 

(preferably, having, relative to 100 parts by weight of an 

isocyanate crosslinking agent, 5 to 80 parts by weight of a 

melamine crosslinking agent incorporated as a mixture) , 

preferred requirements for the blackening additive and 

preferred requirements for the conductive filler are as 

described above. Use of the coating composition of the 

present invention enables the formation of a chromate-f ree 

coating excellent in thermal radiation property, electric 

conductivity, corrosion resistance, adhesion of coating and 

formability so that the composition can be used suitably 

for obtaining a coated body, particularly, a chromate-f ree 

coated body for the members of an electronic device. 

Next, a process for preparing the coated body of the 

present invention will be described. The coated body of 

the present invention can be prepared by applying a coating 

containing the above-described components to the surface of 

a substrate by a known coating method and then drying. No 

particular limitation is imposed on the coating method. 

Examples include a method of cleansing the surface of a 

long metal strip, subjecting the resulting metal strip to 

pre-coating treatment (for example, phosphate or chromate 

treatment) as needed, applying a coating to the surface by 

roll coating, spraying or curtain flow coating and then 

drying the resulting metal strip by allowing it to pass 
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through a hot air drying furnace. In consideration of 
uniform thickness of the coating, treatment cost, and 
coating efficiency totally, roll coating is preferred for 
practical use. 

When a metal sheet coated with a resin is employed as 
the substrate, it may be subjected to phosphate treatment 
or chromate treatment as pre-coating treatment in order to 
improve adhesion with a resin coating or corrosion 
resistance. Upon chromate treatment, a Cr deposition 
amount is preferably controlled to 35 mg/m 2 or less in view 
of chromium elution during use of the resin coated body. 
Within the above-described range, chromium elution from the 
underlying chromated layer can be suppressed. In the case 
of the conventional chromated material, water resistant 
adhesion of the top coat formed as needed tends to lower 
under wet environment owing to the elution of hexavalent 
chromium. In the above-described metal sheet, on the other 
hand, elution therefrom is suppressed so that no 
deterioration in water resistant adhesion of the top coat 
occurs . 

A non-chromate type coated body is available by 
conducting the above-described chromate-f ree surface 
treatment by a roll coating method, spray method, dipping 
treatment or the like. 

The present invention also embraces parts of an 
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electronic device which has, in a closed space thereof, a 
heating element and whose cabinet wall is wholly or 
partially made of the above-described coated body for 
members of an electronic device. Examples of the parts of 
an electronic device include information recording products 
such as CD, LD, DVD, CD-ROM, CD-RAM, PDP and LCD, electric, 
electronic or communication related products such as 
personal computer, car navigation unit and car AV equipment, 
audio video equipment such as projector, television, video 
and game machine, copying machines, printers, power supply 
box covers of air conditioner outdoor unit, control box 
covers, automatic vending machines and refrigerators. 

The present invention further pertains to a thermal 
radiation property evaluating device for evaluating the 
thermal radiation property of a test plate. It embraces a 
thermal radiation property evaluating device, which device 
has a heating element disposed on a cabinet which has a 
ceiling surface wholly or partially made of the test plate, 
and a side surface and bottom surface, each made of a heat 
insulating material, and a thermometer disposed at the 
substantial center of the cabinet. Its typical example is 
shown in FIG. 1. In a preferred embodiment, a protective 
member is disposed above the test plate for blocking it 
from outside atmospheric conditions, whereby stable data 
are available. 
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Typical examples of such a device are shown in FIGS. 
8 and 9. FIG. 8 is a schematic view of a thermal radiation 
property evaluating apparatus having a box covered, at the 
upper portion thereof, with a protective member; and FIG. 9 
is a schematic view of a thermal radiation property 
evaluating apparatus having a cabinet covered wholly with a 
protective member. The apparatus shown in FIG. 9 is useful, 
because the influence of the outside air can be blocked 
completely. These apparatuses are offered only by way of 
typical example and not by way of limitation. 

In these diagrams, indicated at numeral 1 is a test 
plate (a sample whose thermal radiation property is to be 
evaluated) , 2 a heat insulating material, 3 a heating 
element, 4, a protective member (cover) and 5, a 
thermometer. The thermal radiation property evaluation 
apparatus of the present invention has a box-like structure. 
Its side surface and bottom surface are made of the heat 
insulating material 2. On the bottom of the box, the 
heating element 3 and at the substantial center inside of 
the box, the thermometer 5 are disposed. The outside of 
the apparatus is covered with the protective member 4. 
When measurement is conducted under predetermined outside 
air conditions, the protective member is not necessary. 
Such an embodiment is illustrated in FIG. 1. No particular 
limitation is imposed on the protective member insofar as 
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it is capable of blocking the outside air. For example, 
plastic, wooden material or metal material is used as it. 

The thermometer 5 is a tool for measuring the 
atmospheric temperature inside of the device. In order to 
precisely measure the temperature, its position must be 
controlled appropriately. More specifically, it is 
recommended to satisfy the following relationships: L/H = 
0.7 to 2.8, S/H 2 = 0.25 to 4 and H T /H - 0.3 to 0.7, 
supposing that a straight line (mm) which can be drawn as 
long as possible in the heating element 3 disposed on the 
bottom surface is L, the bottom area (mm 2 ) of the heating 
element 3 is S, the height (mm) from the heating element 3 
to the thermometer 5 is H T , and the height (mm) from the 
heating element 3 to the test plate 1 is H. Outside the 
above-described range, the accuracy of the data lowers. 
For reference, the relationship among L, S, H T and H is 
shown in FIG. 10. 

The present invention will hereinafter be described 
in detail by Examples. The present invention is not limited 
by these Examples. Changes or modifications made within an 
extent not departing from the scope of the present 
invention are all embraced by the present invention. 
Examples 

In Examples 1 to 4, evaluation results of various 
properties, mainly thermal radiation property, of the 
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first/third coated body according to the present invention 
will be described. Of these, evaluation in Examples 1 to 3 
was made on a coated body obtained by applying, to the 
surface side and back side of a substrate, the same amount 
of a coating to form thereon thermal radiative coatings of 
the same thickness, while evaluation in Example 4 was made 
on a coated body obtained by applying, to the surface side 
and back side of a substrate, coatings different in kind, 
amount or the like, thereby forming thereon thermal 
radiative coatings different in emissivity. 

Example 1; Evaluation of thermal radiation property of the 
first coated body (free of a conductive filler) 

In this Example, the thermal radiation property of 
the first coated body according to the present invention 
was evaluated. 

An electro galvanized steel plate (thickness: 0.6 mm) 
was used as a substrate. To each of the surface side and 
back side thereof, a coating (using a polyester resin as a 
base resin and a melamine resin as a crosslinking agent) 
added with a predetermined amount of carbon black (average 
particle size: 25 nm) as shown in Table 1 was applied, 
followed by baking and drying, whereby each of Samples Nos. 
1 to 23 (120 x 150 mm) was prepared. For comparison, a 
substrate without coating was prepared in a similar manner. 

Each of the samples thus prepared was measured for 
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integrated emissivity at infrared wavelength (4.5 to 15.4 

|xm) and ATI [a difference in temperature when each of 
Samples Nos . 1 to 32 was used and that when the sample of 
Comparative Example (coating-free substrate) was used] . 
The infrared emissivity includes both the data when the 
sample was heated at 100°C and 200°C, respectively. 

The greater ATI, the better thermal radiation 
property. The thermal radiation property was subjected to 
relative evaluation based on the below-described criteria. 
It is to be noted that in the first coated body according 
to the present invention, the coated bodies ranked as A and 
B are evaluated as "coated body exhibiting excellent 
thermal radiation property". 

A: 3.5 < ATI 

B: 2.7 < ATI < 3.5 

C: 1.5 < ATI < 2.7 

D: 1.0 < ATI < 1.5 

E: ATI < 1.0 

The evaluation results are shown in Table 1, and in 
FIG. 11, a relationship between the amount (X) of carbon 
black and coating thickness (Y) is shown in a graph. In 
the graph, A, B, C, D, E have the same meanings as the 
above-described criteria . 
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Table 1 



No. 


X(%) 


Y(nm) 


Value P 


Emissivity 


Thermal radiation 
property 


both sides 


a x b 


AT1 
(°C) 


Relative 
evaluation 


100°C 


200°C 


100°C 


200°C 


1 


0 


1 


-1.5 


0.10 


0.11 


0.01 


0.01 


0.5 


E 


2 


1.5 


1 


-0.75 


0.15 


0.15 


0.02 


0.02 


0.8 


E 


3 


5.0 


8.0 


15 


0.75 


0.77 


0.56 


0.59 


3.3 


B 


4 


5.0 


12 


23 


0.79 


0.81 


0.62 


0.66 


3.4 


B 


5 


5.0 


18 


35 


0.78 


0.81 


0.61 


0.66 


3.4 


B 


6 


7.0 


5.0 


18 


0.74 


0.75 


0.55 


0.56 


3.4 


B 


7 


7.0 


8.0 


30 


0.80 


0.81 


0.64 


0.66 


3.6 


A 


8 


7.0 


12 


46 


0.81 


0.83 


0.66 


0.69 


3.7 


A 


9 


7.0 


18 


70 


0.82 


0.84 


0.67 


0.71 


3.8 


A 


10 


10 


3.0 


17.5 


0.65 


0.66 


0.42 


0.44 


2.7 


B 


11 


10 


5.0 


31.5 


0.80 


0.81 


0.64 


0.66 


3.5 


A 


12 


10 


8.0 


52.5 


0.80 


0.82 


0.64 


0.67 


3.7 


A 


13 


10 


12 


OA C 

80.5 


0.83 


0.85 


0.69 


0.72 


3.8 


A 


14 


10 


18 


122.5 


0.86 


0.88 


0.74 


0.77 


3.9 


A 


15 


12 


5.0 


40.5 


0.80 


0.80 


0.64 


0.64 


3.6 


A 


16 


12 


8.0 


67.5 


0.81 


0.82 


0.66 


0.67 


3.8 


A 


17 


12 


12 


103.5 


0.83 


0.85 


0.69 


0.72 


3.8 


A 


18 


12 


18 


157.5 


0.83 . 


0.86 J 


0.69 


0.74 


3.9 


A 


19 


14 


2.0 


16.5 


0.70 


0.72 


0.49 


0.52 


3.3 


B 


20 


14 


5.0 


49.5 


0.80 


0.81 


0.64 


0.66 


3.8 


A 


21 


14 


8.0 


82.5 


0.81 


0.84 


0.66 


0.71 


3.8 


A 


22 


14 


12 


126.5 


0.84 


0.86 


0.71 


0.74 


3.9 


A 


23 


14 


18 


192.5 


0.86 


0.88 


0.74 


0.77 


4.0 


A 



Note: X = Amount of carton black added (mass%) 



Y = Coating thickness (|j,m) 
Value P=(X-3)x(Y-0.5) 

Table 1 suggests that the coated bodies (Nos. 1 and 
2) which do not satisfy the requirements of the present 
invention are inferior in thermal radiation property, while 
those (Nos. 3 to 23) satisfy the requirements of the 
present invention are each excellent in thermal radiation 
property. 

It has been confirmed that in the case where the 
content X of carbon black is set at 18%, which is greater 
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than the desired range (less than 15%) of the present 
invention, even if the coating thickness Y is increased to 
1, 10 or 18 pun to control the above-described equation (2) 
within the following range: [(X-3) x (Y=0.5) > 15], marked 
coating unevenness occurs and uniform application cannot be 
attained easily. 

Example 2; Ev alua tion of thermal r adiation property and 

electric conductivity of the third coated body (added with 
a conductive filler) 

In a similar manner to Example 1 except that the 
coating as shown in Table 1 was replaced with a coating (a) 
(having a similar resin composition to Example 1), samples 
Nos. 1 and 2 (120 x 150 mm) were prepared. 

Coating (_aj (added with a conductive filler) ; 

The resin as described in Example 1: 65% 

As a blackening additive, carbon black having an 

average grain size of 25 nm: 10% 

As a conductive filler, Ni in the scaly form (having 

a thickness of 1 nm and size of 15 to 20 |xm) : 25%. 
Samples thus prepared were measured for integrated 

emissivity at infrared wavelength (4.5 to 15.4 |im) , range 
of change in emissivity, ATI and electric resistance 
(electric conductivity) in the above-described manner. 

As the conventional steel plate, used was a Zn-Ni 
alloy coated steel plate (No. 3 in Table 2) having, formed 



-82- 



on both sides thereof, a blackened coating and, formed only 
on the blackened coating over the surface side, a 
transparent coating and various properties were evaluated 
as described above. This steel plate was obtained by 
electrolysis of plating upon formation of a blackened 
coating . 

For comparison, various properties of a substrate 
without coating were also evaluated (No. 4 in Table 2) . 

The results are shown in Table 2. In FIGS. 12 to 15, 
the relationship between the wavelength of the infrared ray 
and the infrared emissivity of samples of Nos. 1, 2, 3 and 
4 is shown in graph, respectively. 



Table 2 



No. 


Sub- 
strate 


Coating 


X 

(%) 


Y 
(ixm) 


Value 
P 


Infrared emissivity 


f 


AT1 


Electric 
conducti 
vity 

{^) 


Both sides 


a x b 


A-B 


100 

°C 


200 
°C 


100 

°C 


200 
°C 


100 

°C 


200 
°C 


1 


A 


Coating 
(a) 


10 


5 


31.5 


0.70 


0.71 


0.49 


0.50 


0.27 


0.28 


3.5 


1-3 


2 


A 


Coating 
(a) 


10 


8 


52.5 


0.83 


0.84 


0.69 


0.71 


0.14 


0.16 


3.7 


1-3 


3 


B 


Transpa 

rent 
coating 




1.5 




0.57 


0.58 


0.32 


0.34 


0.48 


0.50 


0.5 


100-10 4 


4 


A 










0.04 


0.05 


0.0016 


0.0025 


0.01 


0.01 


0 


0.01-0.1 



Note: Substrate A: Electro galvanized steel plate Substrate B: Blackened Zn-Ni alloy coated steel plate 
X = amount of carbon black added (mass%) Y = coating thickness (^m) 
P = (X-3) x (Y-0.5) 



From Table 2 and the above-described diagrams, it has 
been found that the coated bodies (Nos. 1 and 2) satisfying 
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the requirements of the present invention are all 
satisfactory in infrared emissivity, range in change of 
emissivity and ATI, thus are excellent in thermal radiation 
property* 

Sample No. 3, which uses a conventional black steel 
sheet (blackened without using a blackening additive such 
as carbon black) , on the other hand, exhibits neither 
desired thermal radiation property nor desired electric 
conductivity, because no blackening additive is used for it 
and it is free of a conductive filler. 

The product of infrared emissivit ies of a substrate 
(No. 4) without coating is 0.0016, suggesting that it has no 
thermal radiation property. 

Example 3; Evaluation of thermal radiation property, 

electric conductivity, fingerprint resistance and scratch 

resistance of the first and third coated bodies 

In this Example, tests were conducted in order to 
confirm improvement in fingerprint resistance and scratch 
resistance brought by the formation of a transparent 
coating and improvement in electric conductivity brought by 
the addition of a conductive filler. 

Described specifically, samples Nos. 1 to 11 (120 x 
150 mm) (free of a transparent coating) in Table 3 were 
prepared by using an electro galvanized steel plate 
(thickness: 0.6 mm) as a substrate; applying, onto the 
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surface side and back side thereof, the same amount of 
coatings (using a polyester resin as a base resin and a 
melamine resin as a crosslinking agent) added with carbon 
black, having various average particle sizes as shown in 
Table 3 [the content (X) : 10 to 12%, in any case] and 0 to 

40% of scaly Ni (thickness: 1 jam, width: 15 to 20 |am) as an 
undercoating; baking and drying the resulting substrate. 

In order to confirm improvement in scratch resistance 
and fingerprint resistance by the formation of a 
transparent coating, samples Nos. 12 to 22 (120 x 150 mm) 
as shown in Table 3 were prepared (samples with a 
transparent coating) by applying a clear polyester resin to 
the above-described substrates which have finished 
undercoating. Of these, the samples Nos. 12 to 14 are free 
of Ni as a conductive filler. 

The samples thus prepared were evaluated for thermal 
radiation property and electric conductivity in a similar 
manner to those employed in Example 1 and for fingerprint 
resistance and scratch resistance in accordance with the 
below-described manner. The electric conductivity was 
subjected to relative evaluation based on the following 
criteria : 

A: excellent: resistance not greater than 10 Q. 
B: good: resistance of 10 to 100 Q. 
C: poor: resistance exceeding 100 Q 
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[Scratch resistance ] 

A press test using a cylindrical forming press having 
a blank diameter of 110 mm and a punch diameter of about 50 
mm was conducted. The scratches on the sliding portion of 
each sample were visually observed and evaluated based on 
the below-described criteria. Upon the test, the punch 
diameter was adjusted so that the clearance of the mold 
would become +40 |nm. The pressing was conducted under the 
conditions of a speed of 40 spm and punch R of 0. 5 nun. 

A: good (no change in appearance) 

B: slight scratches 

C: marked scratches 
[ Fingerprint resistance ] 

A finger was pressed against the surface of each 
sample for 1 second and the fingerprint was visually 
evaluated based on the following criteria: 

A: no fingerprint is found 

B: slight fingerprint exists 

C: marked fingerprint exists 

The evaluation results are shown in Table 3. It 
should be noted that [-] in the table means that each 
property was not evaluated because no conductive filler was 
added or no transparent coating was formed. 
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CD 


CD 
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10 6 or greater 


10 6 or greater 
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CO 

CO 

b 

CO 

CD 


l_ 

CD 
CO 

CD 

b 

to 
CD 


1-10 


CD 


CD 


10-100 


10 6 or greater 


CD 


10 6 or greater 
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^ 1 & 
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CD 
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CD 
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CD 
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CD 
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LD 
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LO 

CO 


I s — 
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CO 
CO 


CO 
CO* 


LO 

CO 


LO 

CO 


LO 

CO* 


LO 
CO 


CO 

CO 


CO 
CO 


CO 
CO 


CO 
CO 


LO 
CO 


LO 

CO* 


to 

CO 




-Q 

X 
CO 


o 

So 

CVI 


0.64 


0.64 


CO 
CO 

CD* 


0.64 


0.62 


0.66 


0.64 


CO 
CD* 


CD* 


CNI 

I s — 

CD 


CO 

I s — 

CD 


CO 
CO 
CD 


I s - 
CO 

CD* 


0.67 


0.67 


0.67 


I s — 

CO 
CD 


0.67 


CO 
CO 
CD 


r— 

CO 
CD 


"Sl- 

co 

CD 


CNJ 
CO 
CD 


sivity 


o 

go 


CNJ 
CO 

cd 


CNI 
CO 

CD 


-*a- 
co 

CD 


CO 
CD 


CO 
LO 
CD 
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CD* 


CNI 
CO 
CD 


CNI 
CO 
CD 


I s — 
CO 

CD* 


0.69 


CM 
I s — 
CD 


CNI 
CO 
CD 


co 

CD 


CNI 
CO 

CD* 


co 

CD 


co 

CD 


CO 
CD 


CNJ 
CO 
CD 


CO 
CO 
CD 


■^r 
co 

CD 


CO 
CD 


CO 
LO 
CD* 


Emis 


sides 


o 

So 

CN 


0.80 


0.80 


0.81 


0.80 


co 
r-— 

cd' 


CO 
CD 


0.80 


CD 
OO 
CD 


^ 
CO 

CD 


0.85 


0.87 


0.81 


0.82 


0.82 


CNI 
OO 
CD 


CNJ 
OO 
CD 


0.82 


0.82 


0.83 


CNI 
CO 
CD 


CD 
CO 
CD 


CO 
I s — 

CD 




both; 


o 

So 


CD 

I s — 

CD 
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CD 


CD 
OO 

CD 


CO 

r— 

CD 
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CD 
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CD 
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CD 
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h- 
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Q_ 
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52.5 
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CO 


31.5 
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52.5 
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Table 3 leads to the following conclusion: 

Samples Nos. 1 to 2 are those free of a conductive 
filler (Ni) and added with blackening additives (carbon 
black) varied in average particle size. The average 
particle sizes of the additives are adjusted to fall within 
a desired range (5 to 100 nm) so that the samples each has 
good thermal radiation property. 

Samples Nos. 3 to 11 are those containing carbon 
black and Ni in the coating. Of these, Samples Nos. 3 to 
10 satisfy the requirements of the present invention so 
that both thermal radiation property and electric 
conductivity are excellent. A little inferiority in the 
electric conductivity of Sample No. 10 to the other samples 
(Nos. 3 to 9) is presumed to result from an increase in 
electric resistance of the coating owing to an increase in 
the coating thickness. 

Sample No. 11, on the other hand, is low in electric 
conductivity, because the thickness of the black coating is 

outside the desired upper limit (not greater than 12 jxm) . 

Samples Nos. 12 to 22 are those having a transparent 
coating formed on the black coating. 

Of these, Samples Nos. 12 to 18, and 21 and 22 are 
excellent in both fingerprint resistance and scratch 
resistance, because the thickness of the transparent 
coating falls within the desired range of the present 



-88- 



invention. Samples Nos. 12 to 14, and Sample No. 21 have 
electric conductivity lower than Samples Nos . 15 to 21 and 
23 containing a conductive filler, because the former 
samples each contains no conductive filler, and the latter 
sample contains a conductive filler in an amount below the 
preferred lower limit of the present invention. Sample No. 
22 is added with a large amount of a conductive filler. It 
has been confirmed that in spite of excellent electric 
conductivity, it is low in formability (not described in 
Table) . 

On the other hand, the electric conductivity of 
Sample No. 19 is lowered owing to the thickness of the 
transparent coating exceeding the desired range of the 
present invention. Sample No. 20 is low in fingerprint 
resistance and scratch resistance, because the thickness of 
a transparent coating is outside the desired lower limit of 
the present invention. 

Example 4: Evaluation of thermal radiation properties and 
electric conductivity of the first and thir d coated bodies 

In this Example, the thermal radiation property and 
electric conductivity of each sample were measured in a 
similar manner to Example 1 except that the kind of the 
substrate, the kind of the additive, and emissivities from 
the surface side and back side of the substrate were 
changed . 
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Described specifically, Samples Nos . 1 to 30 each 
having a composition as shown in Table 4 or 5 were employed 
for the measurement. As a substrate, Sample No. 19 in 
Table 5 used a blackened Zn-Ni alloy coated steel plate, 
Sample No. 26 in Table 5 used an Al plate (1050); Sample No. 
27 in Table 5 used a Cu plate; and the other samples used 
an electro galvanized steel plate. Each of these 
substrates has a thickness of 0.6 mm. 

As in Example 1, a coating having, as a base resin, a 
polyester resin and, as a crosslinking agent, a melamine 
resin was applied to the substrate, followed by baking and 
drying, whereby samples (120 x 150 mm) in Tables 4 and 5 
were prepared. 

The results are shown in Tables 4 and 5. 
Table 4 
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From Tables 4 and 5, it has been found that coated 
bodies satisfying the requirements of the present invention 
(Nos. 1 to 15 in Table 4 and Nos. 23 to 28 in Table 5) each 
has good thermal radiation property and the greater the 
product (a x b in Tables) of emissivities, the better the 
thermal radiation property. The coated bodies having a 
coating added with Ni (Nos. 2, 4, 6-7, 10 and 13 in Table 4 
and Nos. 16 to 18 and 24 to 26 in Table 5) are excellent 
also in electric conductivity. 

Of these, Nos. 23 to 26 in Table 5 are samples having 
a thermal radiative coating formed by adding carbon black 
to the back side of the substrate, while adding an additive 
other than carbon black to the surface side (No. 23 is a 
sample added with only titanium oxide; No. 24 a sample 
added with titanium oxide and iron oxide as a mixture; No. 
25 a sample added with carbon black and acrylic beads as a 
mixture; and No. 2 6 a sample added with only Al flake) . 
Since they satisfy the requirements of the present 
invention, they exhibit excellent thermal radiation 
property . 

The coated bodies (Nos. 16 to 22, 29 to 30 in Table 
5) which do not satisfy the requirement of the present 
invention are all inferior in thermal radiation property. 
In particular, Samples Nos. 18 to 20 and 29 in Table 5 
having a coating only on one side do not have desired 



-93- 



thermal radiation property. 

In the below-described Example 5, various properties, 
mainly thermal radiation property and self cooling property, 
of the second and third coated bodies of the present 
invention are evaluated. 

Example 5; Evaluation of thermal radiation property and 

electric conductivity of the second and third coated bodies 

As in Example 1, the thermal radiation property and 
electric conductivity of samples were measured while using 
various additives or changing emissivity from the surface 
side and back side of a substrate. At the same time, self 
cooling property was evaluated as described above. 

Described specifically, Samples Nos . 1 to 19 having 
the composition as shown in Table 6 were used in this 
Example. Of these, Sample No. 17 used as the substrate a 
blackened Zn-Ni alloy coated steel sheet (thickness: 0.6 
mm) and the other samples used as a substrate an electro 
galvanized steel plate (thickness: 0.6 mm). In every 
sample, as in Example 1, a polyester resin and a melamine 
resin were employed as the base resin and the crosslinking 
agent, respectively. Baking and drying were carried out as 
in Example 1, whereby each sample (120 x 150 mm) was 
prepared. 

The ATi which expresses thermal radiation property 
was subjected to relative evaluation based on the below- 
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described criteria. In the second coated body according to 
the present invention, those ranked as A, B and C are 
regarded as "coated bodies having good thermal radiation 
property" . 

A: 3.5 < ATI 

B: 2.7 < ATI < 3.5 

C: 1.5 < ATI < 2.7 

D: 1.0 < ATI < 1.5 

E: ATI < 1.0 

AT2 which expresses self cooling property was 
subjected to relative evaluation based on the below- 
described criteria. The greater AT2, the better thermal 
radiation property. In the second coated body according to 
the present invention, the coated bodies ranked as A and B 
are evaluated as "those exhibiting excellent self cooling 
property" . 

A: 1.5 < AT2 

B: 0.5 < AT2 < 1.5 

C: AT2 < 0.5 

The results are shown in Tables 6 and 7. 
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From the above-described table, the coated bodies 
(Nos . 1 to 12) satisfying the requirement of the present 
invention exhibit excellent self cooling property while 
maintaining good thermal radiation property. Samples Nos. 
1 to 8 which have, in the equation (4) serving as an index 
of the self cooling property, Value Q (0.9a-b) much greater 
than 0.045 exhibit excellent self cooling property. It can 
be understood that the greater the value Q, the better self 
cooling property. 

The coated bodies (Nos. 1 to 5, 7 to 9 and 11 to 12) 
having a coating added with Ni are also excellent in 
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electric conductivity. 

Of the samples shown in Table 6, Nos. 3 to 7 are 
samples having a substrate coated, on the surface side 
thereof, with a carbon-black-containing coating and, on the 
back side, with an additive-free coating; Nos. 6 and 12 are 
samples having a substrate coated, at the surface side and 
back side thereof, with a carbon-black-containing coating, 
respectively and, on the back side and surface side, a 
titanium-oxide-containing coating, respectively; No. 10 is 
a sample having a substrate coated, on the surface side and 
back side thereof, with a coating with metal finish; and No. 
11 is a sample having a substrate coated, at the surface 
thereof, with an Al-f lake-containing coating and a back 
side with a carbon-black-containing coating. Since any of 
these samples satisfies the requirements of the present 
invention, it has excellent self cooling property and good 
thermal radiation property. 

Nos. 1 and 11 in Table 6 are samples having a 
substrate coated, on the back side, thereof, with a carbon- 
black-containing coating. Although it does not satisfy the 
above-described equation (6), it is good in both self 
cooling property and thermal radiation property, because it 
satisfies the indices [equations (4) and (5)] defined in 
the second coated body. 

Coated bodies (Nos. 13 to 19) which do not satisfy 
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the requirements of the present invention are each inferior 
in self cooling property. 

For example, Sample No. 13 is a coated body having, 
on one side, no coating and it therefore lacks in thermal 
radiation property which is essential in the present 
invention. Similarly, the surface (coating containing 
carbon black) composition of Sample No. 14 satisfies 
neither the above-described equation (6) and therefore, nor 
the equation (5) serving as an index of thermal radiation 
property so that desired thermal radiation property is not 
available. Also in the case of Sample No. 15, the 
thickness of the coatings on both sides is thin because no 
additive is added thereto so that desired thermal radiation 
property is not available. 

No. 16 is a sample which is similar in emissivity 
from both sides and desired self cooling property is not 
available. No. 17 is a conventional example having both 
sides blackened in a similar manner. The emissivities from 
the surface side and back side are on the same level so 
that desired self cooling property is not available. No. 
18 is a sample having an emissivity greater than on the 
back side than on the surface side and therefore has 
reduced self cooling property. 

In the following Example 6, the chromate-f ree coated 
body according to the present invention is investigated 
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mainly from the viewpoints of corrosion resistance, 
adhesion of coating, formability and electric conductivity. 
Example 6: Evaluation of corrosion resistance, adhesion of 

c oating , f ormability a n d electric c on d uctivity of a 

chromate-f ree coated body. 

In this Example, evaluated were the above-described 
various properties of a coated body having, formed on both 
sides of a substrate subjected to chromate-f ree surface 
treatment, thermal radiative coatings of the same thickness. 

Described specifically, an electrogalvanized steel 
sheet (sheet thickness: 0.8 mm, Zn deposition amount on one 
side: 20 g/m 2 ) used as a substrate was subjected to 
chromate-f ree surface treatment with "Surf Coat EC2000 (Si 
deposition amount: 50 mg/m 2 )" (product of Nippon Paint). 
After forming a thermal radiative coating on both sides of 
the resulting substrate by applying a coating component 
[base resin, crosslinking agent, and antirust agent (a 8:2 
(weight ratio) mixture of aluminum tripolyphosphate and 
calcium ion exchanged silicate was used) ] and optionally, 
Ni flakes (having a thickness of 1 |im and width of from 15 
to 20 |im) to both sides in equal amounts, the thermal 
radiative coating was baked and dried, whereby a sample No. 
23 (120 x 150 mm) (without transparent coating) shown in 
Table 8 was prepared. At the same time, after the 
application of the above-described coating components, a 
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transparent polyester resin was applied, followed by baking 
and drying, whereby samples Nos. 1 to 22 (120 x 150 mm) 
(with transparent coating) were prepared. In all of these 
samples, the thermal radiative coating has a thickness of 8 
Hm and the transparent coating has a thickness of 1 |Lim. 
The sample No. 21 is an example to which a conductive 
filler Ni has not been added. 

Each of these samples thus obtained was evaluated for 
thermal radiation property and electric conductivity in 
similar manners to those employed in Example 1 and for 
fingerprint resistance and scratch resistance in similar 
manners to those employed in Example 3. Corrosion 
resistance, adhesion of coating and formability were 
evaluated based on the below-described criteria. 
[Corrosion resistance] 

Each sample was subjected to the salt spray test for 
72 hours or 120 hours in accordance with JIS-Z-2371 and an 
area ratio of a deteriorated portion (rust and/or swelling) 
formed in the coating of the flat part was measured after 
each test hours. The material with an area ratio of a 
deteriorated portion not greater than 10% as a result of 
the measurement is regarded as the "invention example 7 ' 
[Formability (the number of cracks) ] 

Each sample is cut into a piece of 50 x 50 mm and 
bend adhesion (OT bend) is conducted by a flexural test in 
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accordance with JIS K 5400. The cracks at the bent portion 
are observed using the photograph of a videoscope 
(magnification: 25* ) and the number of cracks is counted. 
More specifically, the number of cracks having a major axis 
of 0.1 mm or greater existing in the vision of 3 mm in 
width is counted and the average of the number, of cracks in 
10 visions in total is evaluated as "the number of cracks''. 
The sample showing "the number of cracks" not greater than 
5 as a result of the measurement is regarded as the 
"invention example" . 

[Formability (adhesion of coating) ] 

After the above-described bend adhesion test, the 
bent portion is taped and the adhesion of coating is 
evaluated in accordance with the below-described criteria, 
depending on the peeling degree of the coating after the 
tape is peeled. A portion (40 mm width) to be evaluated is 
the sample eliminated at both ends, each by 5 mm in width. 

A: no peeling 

B: slight peeling (within 3 peelings of the coating 
in the evaluated area) 

C: many peelings (at least 4 peelings of the coating 
in the evaluated area) . 

The results are shown in Table 8. 
[Table 8] 

From the above table, it has been confirmed that the 
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above-described samples each has good thermal radiation 
property and materials Nos . 1 to 22 with a transparent 
coating have excellent fingerprint resistance and scratch 
resistance (no description in the table) . 

(19) 

The coated bodies (Nos. 2 to 5, 7 to 14, 16 to 17, 21 
to 23) satisfying the requirements of the present invention 
are each excellent in corrosion resistance, adhesion of 
coating and formability. Of these coated bodies, coated 
bodies containing a melamine crosslinking agent and an 
isocyanate crosslinking agent at a predetermined ratio are 
far superior in the above-described properties to the 
coated bodies (Nos. 8 and 9) using the single crosslinking 
agent singly. The coated bodies having a transparent 
coating formed over a thermal radiation layer (the coated 
bodies other than No. 23) have excellent corrosion 
resistance. The coated body No. 8 is an example containing 
a melamine crosslinking agent singly (amount: 5.5 wt.%) and 
having a transparent coating. It has however been 
confirmed by the test that the coated body has excellent 
corrosion resistance [an area ratio of the deteriorated 
portion in the salt spray test for testing corrosion 
resistance (120 hours) is less than 1%] even without 
addition of a transparent coating (not shown in the table) . 
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The coated bodies with Ni as a conductive filler (the 
above-described coated bodies other than No. 21) have good 
electric conductivity. 

The coated bodies (Nos. 1, 6, 15, 18 to 20) which do 
not satisfy the requirements of the present invention have 
the following inconveniences. 

The coated body No. 1 without an antirust agent is 
inferior in corrosion resistance. 

The coated body No. 6 containing a smaller amount of 
a resin is low in the adhesion of coating and formability. 

In the coated bodies Nos. 15, 18 and 19, the content 
of the melamine crosslinking agent is higher than that of 
the isocyanate crosslinking agent (meaning that the content 
of the isocyanate crosslinking agent is smaller) and each 
of them has many cracks and is inferior in formability. 
The coated body No. 19 having a particularly high content 
of the melamine crosslinking agent cannot attain a 
sufficient formability which will otherwise be brought by 
the addition of the isocyanate crosslinking agent, forms 
many cracks and is low in the adhesion of coating. 

The coated body No. 20 using a polyester resin is low 

in the corrosion resistance and adhesion of coating. 

The foregoing invention has been described in terms 

of preferred embodiments. However, those skilled, in the 

art will recognize that many variations of such embodiments 
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exist. Such variations are intended to be within the scope 
of the present invention and the appended claims. 



-105- 



